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Millisecond activation switch for seven-transmembrane proteins 



The present invention relates to recombinant seven-transmembrane receptor, 
whereby the amino terminus of said recombinant receptor is located on an 
extracellular side and the carboxy-terminus is located on an intracellular side of a 
membrane, comprising at least two detectable labels, whereby a first of said at 
least two detectable labels is or is located on the carboxy-terminus and whereby a 
second of said at least two labels is or is located on the first or third intracellular 
loop or whereby a first of said at least two labels is or is located on the first 
intracellular loop and a second of at said at least two labels is or is located on the 
third intracellular loop. Furthermore, nucleic acid molecules encoding said 
recombinant seven-transmembrane receptors are described as well as vector and 
host cells comprising the same. Furthermore, the present invention provides for 
identification and screening methods for molecules or compounds which are 
capable of modifying the biological end of pharmacological function of seven- 
transmembrane receptor proteins. Finally, diagnostic compositions comprising the 
compounds of the present invention as well as kits comprising said compounds 
are disclosed. 

Several seven-transmembrane proteins have been described within the last 
twenty years, whereby such proteins are mainly involved in signal transduction 
pathways. Most of these seven-transmembrane proteins are to be classified as 
proto-oncogenes or as specific receptors which are commonly linked to a signal 
transduction pathways involving G proteins. G protein-coupled seven 
transmembrane segment receptors (G protein-coupled receptors, GPCRs, or 7TM 
receptors) are a very heterogenous class of molecules comprising more than 
1000 different members. Accordingly, GPCRs are one of the largest superfamilies 
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of proteins in the human and mammalian body. GPCRs do not share any overall 
sequence homology yet, one characteristic structural feature, common to all 
GPCRs is the presence of the characteristic seven-transmembrane spanning a- 
helical segment connected by alternating intracellular and extracellular loops, 
whereby the amino terminal is located on the extracellular side and the carboxy 
terminus is located on the intracellular side. As summarized in Gether, Endocrine 
Rev. 21 (2000), 90 to 113, G protein-coupled receptors can be classified in 
several families, termed family "A to C" or family "1 to 3". Family A is normally 
classified as the rhodopsin/02-adrenergic receptor-like GPCRs. This family again 
is subdivided phylogenetically into six subgroups, namely 1. biogenic amine 
receptors (adrenergic serotonin, dopamine, muscarinic, histamine); 2. CCK-, 
endothelin-, tachykinin-, neuropeptide Y-, TRH-, neurotensin-, bombesin- and 
growth hormone secretagogues-receptors plus vertebrate opsin(s)-receptors; 3. 
invertebrate opsins- and bradykinin-receptors; 4. adenosine-, canabinoid-, 
malenocortin- and biractory-receptors; 5. chemokine-, fMLP-, C5A-, GnRH-, 
eicosanoid-, leukotriene-, FSH-, LH-, TSH-, fMLP-, galanin-, nucleotide opioid-, 
oxytocin-receptors; as well as 6. melatonin receptors and other non-classified 
receptors. Family B is the family related to glucagonsA/IP/calcitonin receptor-like 
GPCRs which comprise four GPCR-subfamilies, namely: 1. calcitonin-, CGRP- 
and -receptors; 2. PTH- and PTHrP-receptors; 3. glucagons-, glucagon-like 
peptide-, GIP-, GHRH-, PACAP-, VIP- and secretin-receptors as well as 4. 
latrotoxin-receptor. Finally, family C is characterized as the metabotropic 
neurtransmitter/calcium GPCRs. In this family the following receptors are, inter 
alia, comprised: 1. metabtropic glutamate-receptors; 2. metabotropic GABA- 
receptors; 3. calcium-receptors; 4. vomaronasal pheromone receptors; and 5. 
taste receptors. 

As mentioned above, G-protein-coupled receptors (GPCRs) are the largest family 
of hormone or neurotransmitter receptors; they have a common structure 
containing seven transmembrane oc-helices (Rohrer, Physiol. Rev. 78 (1998), 35- 
52; Gether, Endocr. Rev. 21 (2000) 90-113; Pierce, Mol. Cell Biol. 3 (2002), 639- 
650). Their activation by specific agonists - hormones or neurotransmitters - 
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switches them into an active state that couples to and activates G-proteins, the 
signal transducers. The G-proteins, in turn, can activate a multitude of effector 
proteins such as ion channels or 2 nd messenger producing enzymes that alter 
many functions (e.g., cardiovascular, neural, endocrine) in virtually every type of 
cells. A large body of data suggests that agonist-induced activation leads to a 
relative rearrangement of the receptor's transmembrane helices, most notably of 
helix 111 and VI (Farrens, Science 274 (1996), 768-770;Sheikh, Nature 383 (1996), 
347-350; Sheikh, J. Biol. Chem. 274 (1999), 17033-17041). 
A very special GPCR is the "light receptor" rhodopsin that senses light by using a 
covalently coupled ligand, 1 1-cis retinal, that isomerizes upon capture of a photon. 
In this case, conformational changes in the "receptor" protein can be inferred from 
spectroscopic studies of the bound retinal, and multiple activation states formed 
within milliseconds have been described (Farrens, (1996), loc. cit.); Okada, 
Trends Biochem. Sci. 26 (2001), 318-324). No comparable techniques are 
available for hormone- or transmitter-activated receptors. Spectroscopic studies 
have been done with purified (^adrenergic receptor chemically labelled with 
fluorophores and reconstituted into lipid membranes (Gether, J. Biol. Chem. 270 
(1995), 28268-28275; Jensen, J. Biol. Chem. 276 (2001), 9279-9290; Ghanouni, 
J. Biol. Chem. 276 (2001), 24433-24436; Ghanouni, Proc. Natl. Acad. Sci. USA 
98 (2001), 5997-6002). These studies observed agonist-mediated fluorescence 
changes in the minute time scale. This is much slower than biological responses 
to receptor activation, which can occur within seconds. 

The advent of fluorescent proteins has allowed non-invasive intracellular labeling, 
especially of peptides, which are easily detectable by optical means. The green 
fluorescent protein (GFP) from Aequorea victoria is now the most widely used 
reporter gene in many organisms. Multiple variants with different spectral 
properties have been developed. Furthermore, combinations of fluorescent 
proteins exhibiting energy transfer provide for differential fluorescence in response 
to conformational changes in the protein's immediate environment. Based on this 
principle, fusion constructs have been developed which allow to detect specific 
analytes such as calcium ions, cAMP or cGMP (e.g. WO 98/40477; Honda, Proc. 
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Natl. Acad. Sci. USA 98 (2001), 2437-2442; Zaccolo, Nat. Cell. Biol. 2 (2000), 25- 
29). Furthermore, in recent years, detection methods for monitoring fluorescence 
resonance energy transfer (FRET) have been described for verifying and/or 
detecting homo- or heterodimerization of molecules or receptor-mediated 
activation processes. US 02/0048811 describes the visualization of receptor- 
mediated activation of heterotimeric G-proteins by FRET. Here, the association 
and/or activation of pairs of G-proteins or of corresponding subunits were 
measured. DE-A1 101 08 263 relates to the analysis of modifications of proteins 
with ubiquitin-related proteins. DE-A1 101 08 263 provides a FRET-based test- 
system comprising ubiquitin-related donor parts and acceptor parts which relates 
to corresponding target molecules. Both patent applications, US 02/004881 1 and 
DE-A1 101 08 263 exemplify the large body of literature relating to FRET-analysis 
of "two-component-assays". These assays relate to the distinct use of 
independent "donor" and "acceptor" molecules/moieties. 

Some further limited approaches have been undertaken to employ FRET- 
technology on an intramolecular basis. For instance, WO 98/40477 describes 
such a system based on calmodulin which is useful for the measurement of 
calcium concentrations. However, this system requires as a second analyte 
binding portion a calcium-calmodulin binding target peptide moiety to which the 
conformationally flexible calmodulin binds. Thus, the applicability of the fusion 
protein of WO 98/40477 is restricted and limited in practical use since two binding 
portions are required and an ubiquitous and endogenous regulatory component is 
to be used. 

US 6,277,627 relates to a glucose biosensor comprising at least one fluorophore 
and in US 6,197,534 a glucose biosensor is provided which comprises a glucose 
binding protein with two fluorophores to be employed in FRET-like technologies. 
Yet, these documents provide for fluorophore-labeled proteins of rather small size 
which are soluble. 
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However, the above discussed seven-transmembrane proteins, in particular proto- 
oncogenes or G protein-coupled receptors (GPCRs) are rather large ("bulky") 
membrane proteins, wherein FRET- or BRET-based assays have merely been 
described in dimerization studies. 

Based on the large number of GPCR family members and the prominent role in 
regulating cellular signals, GPCRs represent the most important family of drug 
targets. The following methods are available to study interaction of potential 
ligands with GPCRs: a. Ligand-binding assay: This method is restricted to 
available radio- or fluorescent-labelled ligands, which limits its use to known 
receptors. Based on the nature of this assay, just the interaction of the ligand with 
the receptor can be studied but no information regarding the activating, blocking- 
or inhibiting properties of the ligand on the receptor can be gathered, b. Recording 
of the activity of G-protein effector systems has become the most important 
method for drug screening of GPCRs. (Milligan G & Rees S; Trends Pharmacol 
Sci. 1999 Man20(3):1 18-24.) To measure the activity of G-protein effectors makes 
high-throughput screening on cell based assays possible, however because of the 
fact that the effector system is several steps downstream of the receptor activation 
this method has following disadvantages: 1. It is prone to unspecific drug effects, 
that are not mediated via the investigated GPCR, but rather result from either 
interaction with elements of the signalling cascade that are downstream of GPCRs 
or are mediated in parallel via other (endogenous) GPCRs of which many kind are 
present in various cell systems ( http://www.tumor-aene.ora/GPCR/aDcr.html .) 2. 
Receptor activation and deactivation cannot be determined in real time. 
Therefore, it is impossible to distinguish between receptor activation and fast 
receptor desensitization. 3. Recording of GPCR activity depends on expression 
levels and specificity of subsequent G-proteins and effectors, preventing in many 
cases exact comparisons between different GPCR subtypes. 4. The strength of 
the signal or the potency of a ligand to induce full activation of a cellular signal will 
largely depend on the expression level of the receptor (Bunemann et al. J Biol 
Chem. 2001 Dec 14;276(50):47512-7.). Uncontrolled fluctuations of the 
expression level will cause variability of the result, and will again make 
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comparisons between different GPCR subtypes difficult. 5. A possibility to 
measure agonism, partial agonism, inverse agonism and neutral antagonism on 
the level of the receptor is lacking. 

Due to these disadvantages, novel methods that allow detection of receptor 
activity at the level of the receptor have been tried: Subsequent to the discovery 
that many GPCRs dimerize or oligomerize it was tried to detect agonist-mediated 
conformational changes of GPCRs via detection of changes in inter-molecular 
BRET or FRET (Angers, Annu Rev Pharmacol Toxicol 2002;42:409-35). However, 
in the vast majority of tested receptors no ligand-induced change in BRET or 
FRET could be detected (Angers, (2002), loc. cit.; Rios, Pharmacol Ther 2001 
Nov-Dec;92(2-3):71 -87). 

A second potential method to monitor GPCR activation based on fluorescence- 
quenching was developed by using p-2 adrenergic receptors which were mutated 
by eliminating all but one accessible cysteines and after purification were labelled 
with a fluorescent tag. In reconstituted membranes, this method was the first to 
detect ligand induced conformational changes in a GPCR in real time, however 
the obtained activation kinetics of these receptors were too slow to be in 
accordance with physiological responses induced via |32-adrenergic receptors 
(Kobilka & Gether, Methods Enzymol. 2002;343: 1 70-82). 

As mentioned above the GPRC family as well as seven-transmembrane proto- 
oncogene provide for highly interesting target in drug development. However, the 
prior art as discussed above provided merely for test systems, wherein 
antagonists and agonists could be measured in unphysiological time frames. In 
particular, studies as described above observe agonist mediated changes on, for 
example, purified p2-adrenergic receptors in the minute time scale. 

Therefore, apart from the requirements for detecting specific modifiers for seven- 
transmembrane proteins, in particular proto-oncogenes or GPCRs, there is also a 
need for means and methods that allow reliable, fast and easy measurement of 
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the activation of such seven-transmembrane proteins. Such measurements have 
not been provided for or are not yet accessible by prior art techniques. Preferably, 
the desired means and methods allow for in vivo measurements. 

This technical problem is solved by the provisions of the embodiments as 
characterized in the claims. 

Accordingly, the present invention relates to a recombinant seven-transmembrane 
receptor, whereby the amino terminus of said recombinant receptor is located on 
an extracellular side and the carboxy-terminus is located on an intracellular side of 
a membrane, comprising at least two detectable labels, whereby a first of said at 
least two detectable labels is or is located (on) the carboxy-terminus and whereby 
a second of said at least two labels is or is located (on) the first or third 
intracellular loop or whereby a first of said at least two labels is or is located (on) 
the first intracellular loop and a second of at said at least two labels is or is located 
(on) the third intracellular loop. 

Inter alia, hormones and neurotransmitters transduce signals via, seven- 
transmembrane proteins G-protein-coupled receptors as key switches in order to 
change cellular functions. Despite utilizing common signalling pathways, 
hormone, amino acids, drugs and neurotransmitter responses exhibit different 
temporal patterns. To reveal the molecular basis for such differences, the present 
invention provides for a generally applicable fluorescence-based technique for 
real-time monitoring of the activation switch for G protein-coupled receptors in 
single cells, liposomes or membrane preparations. Such direct measurements as 
disclosed herein were used to investigate the activation of three exemplified 
seven-transmembrane proteins, namely the a2A-adrenergic (neurotransmitter) 
receptor, the (adenosine) A2A-receptor and the parathyroid hormone (PTH, 
hormone) receptors. Surprisingly, kinetics that were much faster than previously 
thought could be observed, for example, «40 ms for the a2A-aclrenergic receptor 
and ~1 s for the PTH receptor. The different switch times are in agreement with 
the distinct biological functions of these receptors. Agonist, partial agonist and 
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antagonist may rapidly switch on and off the receptors in proportion to their 
respective intrinsic activities. The means and methods provided herein permit the 
comparison even of agonists and partial agonists of intrinsic activities at the 
receptors or proto-oncogenes themselves and allow for the detection of 
millisecond activation-times of G-protein coupled receptors (GPCRs) as well as 
proto-oncogenes. 

Previous work has shown that seven-transmembrane proteins in particular GPCR 
comprise an entire surface of the cytoplasmic part of about 40 Angstrom (Bourne, 
Science 289 (2000), 733-4 and Teller, Biochemistry 40 (2001), 7768-7772). Yet, 
fluorophores, like GFP variants show a cylindrical or rod-like structure with a 
diameter of 30 Angstrom. Accordingly, it was expected that insertion of two 
fluorophores into the intracellular parts of a seven-transmembrane protein, in 
particular a GPCR, would cover the entire surface of the cytoplasmic part of said 
protein or receptor and thereby prevent interaction with protein-coupled further 
signal transduction part of receptors like arrestins, kinases, or gene proteins. 
Here, it was surprisingly found that the use of two GFP analoga or fluorophores 
did not constrain or alter the movements of the transmembrane helices and the 
receptor was still functional and even provides for a test system wherein 
intramolecular movements of seven-transmembrane proteins can be monitored in 
a millisecond range. As documented in the appended examples, it was found that 
despite the fact that the size of even one GFP variant (diameter of 30 Angstrom, 
(Tsien, Annu. Rev. Biochem. 1998. 67:509-544) covers almost the entire 
intracellular surface of a GPCR, receptor constructs fused to two GFP variants are 
still capable to activate heterotrimeric G proteins. This is in particular surprising, 
since it was envisaged and speculated by the prior art that fusing or attaching 
large (protein) moieties, like YFP, GFP or FIAsH, to GPCRs constrains or grossly 
alters movements of transmembran helices of the receptor required for receptor 
activation. 

The prior art has provided for modifications of GPCRs, for example for point 
. mutation in the 3 rd intracellular loop located after the 5 th transmembrane region; 
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see Huang, JBC 271 (1996), 33382-33389. However, in this study the introduced 
mutation caused dramatic changes in the activity of the GPCR studied. Similarly, 
modifications of proteins involved in signal transduction by incorporation of, inter 
alia, fluorophores often leads to complete inactivation of the additional protein. As 
documented in the appended examples, it could be shown that the introduction of 
green fluorescence protein on position Pro116 of the ccA-aB loop of G protein 
receptor-interacting Goc completely inactivated said interacting protein and 
correspondingly, the signal transduction pathway. Similar/, Belke-Louis and 
Schulz (Naunyn-Schmiedebergs Arch. Pharmacol. 2000, 391(suppl.), R51 (189) 
reported N-terminal or C-terminal fusion proteins of Gas with EGFP exhibited 
dramatically impared functionality. 

Furthermore, the expected actual movement of transmembrane helices in GPCRs 
upon activation by agonists are very small, in particular in the range of 2 to 8 
Angstrom (Altenbach, Biochemistry 25 (2001), 15493-15500). Accordingly, it could 
certainly not be expected that the recombinant membrane receptors as defined 
herein provide for assay systems which are capable of detecting this minor 
confirmation changes and movements by FRET- or BRET-technology, employing 
fluorophores or chromophores which are located at distal of the agonist activation 
side. 

Accordingly, it could not be expected that the preparation of a recombinant seven- 
transmembrane receptor as described herein provides for a fast-kinetic, functional 
and reliable tool for the measurements of receptor-activation or -inhibition. 
Therefore, the recombinant seven-transmembrane receptor system provided in 
the present invention and the corresponding uses and methods disclosed herein 
exhibit major advantages over all other methods described in the prior art since it 
is now possible to measure receptor activation on the level of the receptor itself. 
The invention described herein is based on the measurement of conformational 
changes of a recombinant seven-transmembrane receptor, preferably a G-protein 
coupled receptor (GPCR) or a proto-oncogene, in response to ligand binding. This 
allows, inter alia, (as demonstrated in the appended examples) to detect, whether 
a given chemical compound acts as a full agonist, partial agonist, neutral 
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antagonist or inverse agonist on a given seven-transmembrane receptor, 
preferably a GPCR or a proto-oncogene. Since the measurement of the 
conformational change of a seven-transmembrane receptor, preferably a GPCR 
or a proto-oncogene is based on detection of energy transfer between at least two 
detectable labels, which represents a non-invasive method, time resolved 
detection of the activation status of seven-transmembrane receptor, preferably a 
GPCR or a proto-oncogene can be achieved in living cells. Consequently, kinetics 
of binding or unbinding of known and unknown ligands can be studied in the 
natural environment. In fact, in intact cells the characteristics of, for example, a 
seven-transmembrane receptor, preferably a GPCR or a proto-oncogene induced 
cellular response is highly dependent on the expression level of receptors, G 
proteins and effectors and is also modified by a large number of regulatory 
mechanisms. In contrast the measurement of GPCR activation on the level of the 
receptor as taught herein is not dependent on downstream regulatory 
mechanisms and particularly not sensitive to alterations in receptor expression 
levels. 

The term "recombinant seven-transmembrane receptor" as defined herein relates 
to a membrane protein which is recombinantly produced by methods known in the 
art; see, inter alia, Sambrook et al M Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Baboratory Press, Cold Spring Harbor, New York, 2001. The 
"recombinant seven-transmembrane receptor" is preferably inserted into a 
biological and/or artificial membrane, like a cellular membrane, a crude membrane 
preparation, liposomes as well as artificial membranes comprising micelles, lipid 
monolayer or lipid bilayers. Yet, most preferably, in accordance with this invention, 
the recombinant seven-transmembrane receptors as defined herein are located in 
cellular membranes, for example membranes of cultured cells or membranes of 
oocytes. As detailed herein below, it is also envisaged that the recombinant 
seven-transmembrane receptors as defined herein are expressed in transgenic, 
non-human animals. Accordingly, also cells, tissues and organs of said non- 
human transgenic animal may express the recombinant seven-transmembrane 
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receptors of the present invention and may be in particular useful in drug 
screenings. 

The term "recombinant seven-transmembrane receptor" also, relates to a seven- 
transmembrane protein, recombinantly produced and comprising said at least two 
detectable labels, whereby said recombinantly produced membrane 
receptor/membrane protein may also consist of a chimeric receptor molecule, i.e. 
a receptor molecule which is derived from two or more naturally occurring seven- 
transmembrane proteins. It is, inter alia, envisaged that seven-transmembrane 
receptors are engineered and recombinantly produced which comprise parts of 
one GPCR and further parts of another GPCR. 

The term "and/or" wherever used herein includes the meaning of "and", "or" all or 
any other combination of the elements connected by said term. 

The terms "amino terminus" or "carboxy terminus" of the recombinant seven- 
transmembrane receptor corresponds to the amino terminus and carboxy 
terminus of non-modified naturally occurring seven-transmembrane receptors or 
proto-oncogenes. The corresponding topology and its verification is, inter alia, 
disclosed in Gether (2000), loc. cit. Accordingly, the natural orientation of seven- 
transmembrane receptors is known in the art as, for example, shown in Gether 
(2000), loc. cit. The orientation also relates to the topology of the inventive 
recombinant receptors in (crude) membrane preparations or liposomes. 
Accordingly, the N-terminus should in liposomes be oriented to the outside, 
whereas the C-terminus should be in the lumen of the liposomes, membrane 
vesicles. Furthermore, the person skilled in the art is aware of suitable techniques 
for detecting the orientation of a transmembrane protein and, accordingly, of the 
recombinant seven-transmembrane receptor of the present invention. Such 
techniques comprise but are not limited to crystallography, NMR-studies, 
modeling studies as well as microscopy techniques, like immunolabeling in 
electron microscopy preparation and the like. 
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The term "membrane" as used herein and in particular in context of the 
recombinant seven-transmembrane receptors/proteins of the present invention 
relate to naturally occurring membranes as well as to artificial membranes. 
Preferably, the membranes consist of lipid bilayers. As pointed out above, specific 
examples are cellular membranes and bio-membranes, like the plasma 
membrane of cells, the endoplasmic reticulum, mitochondrial membrane, golgi 
vesicles, lysosomes, peroxisomes, but also cellular membranes of plant cells, like 
membranes of the chloroplasts or other organelles as well as vacuoles. Yet, most 
preferably, the cellular or bio-membrane into which the recombinant 
protein/receptor of the invention is inserted is the plasma membrane of an animal 
cell, most preferably of a mammalian cell, but also of amphibian cells, like frog 
oocytes. Yet, as also discussed herein, membrane preparations, like crude 
membrane preparations or liposomes are envisaged as "membranes" wherein the 
recombinant membrane receptor/protein of the present invention is inserted. 

The term "at least two detectable labels" as used herein means that the 
recombinant membrane receptor/protein of the invention may comprise at least 
two, but also three or more detectable labels. The detectable labels will be 
detailed herein below and may, in particular comprise fluorophores as well as bio- 
luminescent substances. In accordance with the appended examples, however, 
most preferred are two detectable labels on one recombinant seven- 
transmembrane protein of the invention. 

The term "said label is or is located on" as employed herein means that the label 
may either be part of the corresponding region of the recombinant seven- 
transmembrane receptor, i.e. the first or third intracellular loop or of the carboxy 
terminus or said label may completely replace the corresponding region of the 
recombinant seven-transmembrane receptor/protein, i.e. the first or the third 
intracellular loop may be replaced by the corresponding label or the C-terminus 
may be replaced by the corresponding label. Yet, as documented in the appended 
examples and herein below, it is preferred that the labels are introduced in a 
region comprised in the first or the third intracellular loop or said at least one label 
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replaces only parts of the C (carboxy)-terminus of the recombinant seven- 
transmembrane receptor. Accordingly, it is preferred that at least one of said 
labels is introduced within the first or third intracellular loop of the naturally 
occurring seven-transmembrane receptor, preferably in naturally occurring 
GPCRs. Some corresponding third intracellular loop regions are exemplified in the 
examples and comprise, inter alia, the amino acid sequences as shown in SEQ ID 
NO: 18, 22 or 26. These third intracellular loop regions may be encoded by 
sequences as depicted in SEQ ID NOS: 17, 21 and 25. Corresponding 
exemplified C-terminal region which may comprise one of the detectable labels 
are shown in form of amino acid sequences in SEQ ID NOS: 19, 23 and 28. In 
particular, SEQ ID NO: 28 depicts the carboxy terminus of human PTH/PTHrP 
receptor corresponding modifications of this C-terminus are exemplified in SEQ ID 
NOS: 29 to 37. Here, in this context, parts of the C-terminus have been deleted 
and replaced with a green fluorescent protein variant, namely YFP (yellow 
fluorescent protein). Preferred sites for introduction of the detectable labels are 
illustrated below and in the appended examples. Furthermore, the examples 
provide for naturally occurring seven-transmembrane receptors like the a2A- 
adrenergic receptor, the PTH/PTHrP receptor or the A2A-adenosine receptor 
which are modified by recombinant technology and comprise at least two 
detectable labels which are, in particular located on (or within) the third 
intracellular loop. Corresponding examples are shown in SEQ ID NOS: 12, 14 and 
16. In a preferred embodiment of the present invention the detectable label is 
inserted into the third intracellular loop of the seven-transmembrane 
receptor/protein and preferably after the second amino acid of the transmembrane 
region 5 (TM5) and before the second amino acid before the beginning of 
transmembrane region 6 (TM6). Even more preferred, the detectable label is 
inserted after amino acid 8 after transmembrane region 5 (TM5) or after amino 
acid 22 after transmembrane region 5 (TM5). In a preferred embodiment the 
detectable label is inserted 10 or 12 amino acids before the transmembrane 
region 6 (TM6). As far as the insertion of the detectable label on the carboxy 
terminus is concerned, it is preferred that 5 to 25 amino acids of the natural 
carboxy terminus remain at the end of transmembrane region 7 (TM7). Preferably, 
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the detectable label is inserted after the 16 th or 20 th amino acid after 
transmembrane region 7 (TM7). Therefore, it is envisaged that the detectable 
labels either replace naturally occurring amino acids on the first and/or third loop 
of seven-transmembrane receptors or the C-terminus of the same or that said 
detectable labels are inserted into the naturally occurring amino acid sequences 
of the same. The term "said label is or is located on" also comprises the possibility 
that said label specifically attaches to or binds to the first and/or the third loop as 
defined herein. A corresponding example of a label which specifically binds to a 
specific sequence artificially introduced into said loops is the FIAsH-compound 
described herein below. 

As far as insertion of detectable labels of the first intracellular loop are concerned, 
again, it is preferred that said label is inserted two amino acids after the end of 
transmembrane region 1 (TM1) and two amino acids before the beginning of 
transmembrane region 2 (TM2). Most preferably, the detectable label is inserted in 
the middle of the first intracellular loop. The same applies, mutatis mutantis for the 
third intracellular loop insertion. Yet, it is to be noted that all insertions of the 
detectable label may lead to a deletion/replacement of naturally occurring amino 
acids in the first or third intracellular loop as well as the C-terminus. 

In a most preferred embodiment of the recombinant membrane receptor of the 
invention, the first detectable label is or is located on the third intracellular loop of 
said membrane receptor and the second detectable label is or is located on the 
carboxy terminus. This most preferred embodiment of the recombinant membrane 
receptor/protein of the present invention is also exemplified in the appended 
scientific examples. Furthermore, corresponding recombinant constructs are 
depicted as nucleic acid sequences in appended SEQ ID NOS: 11, 13, 15, 39 and 
41 and in the corresponding amino acid sequences SEQ ID NOS: 12, 14, 16, 40 
and 42. However, it is of note that these amino acid sequences as well as the 
encoding nucleic acid sequences merely comprise illustrative examples. 
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The invention in particular relates to a recombinant membrane receptor/protein, 
whereby said membrane receptor is a G-protein-coupled receptor or a proto- 
oncogene. Accordingly, the present invention provides for recombinant membrane 
receptors which are derived from naturally occurring G protein-coupled receptors 
or naturally occurring proto-oncogenes. As shown in the appended examples the 
invention provides for genetically/recombinantly modified G protein-coupled 
receptors or proto-oncogenes which are particularly useful in methods provided 
herein, i.e. screening methods for antagonists as well as agonists of G protein- 
coupled receptors or proto-oncogenes, preferably involved in the signal 
transduction pathways. The proto-oncogenes which are in their naturally occurring 
form seven-transmembrane proteins and which are, in accordance with this 
invention, modified and recombinantly produced comprise the above-recited at 
least two detectable labels on the above-recited positions. In a preferred 
embodiment this proto-oncogene belongs to the "frizzled/smoothened family" and 
comprises the protein "frizzled" or "smoothened". 

In a most preferred embodiment of the present invention the recombinant seven- 
transmembrane receptor is derived from a naturally occurring G protein-coupled 
receptor or is derived from a corresponding orphan receptor; i.e. putative or 
unclassified GPCRs. G protein-coupled receptors to be modified and 
recombinantly produced in accordance with this invention comprise the GPCRs 
as, inter alia, defined in Gether (2000), loc. cit. as well as GPCRs comprised in the 
following classes A to E. Further general classifications of the GPCR superfamily 
are provided by the classification in class A to E. 

Class A (or class 1) comprises rhodopsin-Iike receptors family, class B (or class 2) 
comprises secretin-like receptors family, class C (or class 3) comprises calcium 
sensing-like receptors family, class D (or class 4) comprises yeast alpha factor- 
like receptors family, class E (or class 5) comprises dictyostelium attractant-like 
receptors family. 
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Class A rhodopsin like GPCRs comprise, but are not limited to amine-, peptide-, 
hormone protein-, (rhod)opsin-, olfactory-, prostanoid-, nucleotide-like-, cannabis-, 
platelet activating factor-, gonadotropin-releasing hormone-, thyrotropin-releasing 
hormone & secretagogue-, .melatonin-, viral-, lysosphingolipid & LPA (EDG)-, 
leukotriene B4 receptor, class A Orphan/other receptor. 

Class B Secretin like GPCRs comprise, but are not limited to calcitonin-, 
corticotropin releasing factor-, gastric inhibitory peptide-, glucagon-, growth 
hormone-releasing hormone-, parathyroid hormone-, PACAP-, secretin-, 
vasoactive intestinal polypeptide-, diuretic hormone-, EMR1-, latrophilin-, brain- 
specific angiogenesis inhibitor (BAI)-, methuselah-like proteins (MTH)-, cadherin 
EGF LAG (CELSR)-receptor. 

Class C Metabotropic glutamate / pheromone like GPCRs comprise, but are not 
limited to metabotropic glutamate-, extracellular calcium-sensing-, putative 
pheromone receptors, GABA-B-, orphan GPRC5-receptor. 

Class D Fungal pheromone comprise, but are not limited to fungal pheromone 
STE2-like-, fungal pheromone STE3-like-receptor. 

Furthermore, the invention also provides for modified GPCRs from class E, 
namely cAMP receptors (Dictyostelium), like frizzled/Smoothened family-, 
frizzled-, Smoothened-receptor. 

Accordingly, the present invention is not limited to a modified or recombinantly 
produced seven-transmembrane receptors of mammalian origin but also comprise 
recombinantly seven-transmembrane receptors from other eukaryotes, including 
yeasts, plants, fungi as well as non-vertebrates animals. 

The recombinant membrane receptor/protein of the invention is, preferably 
derived from a naturally occurring proto-oncogene like smoothened receptor 
(Smo) or frizzled receptor or is a G-protein-coupled receptor (GPCR) is selected 
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from the group consisting of a rhodopsin/p2 adrenergic receptor-like GPCR, a 
glucagon/VIP/calcitonin receptor-like GPCR and a metabotropic 
neurotransmitter/calcium receptor. In a most preferred embodiment, said 
rhodopsin/p2-adrenergic receptor-like GPCR is the a2A adrenergic receptor or the 
adenosine receptor A2A and said glucagon/VIP/calcitonin receptor-like GPCR is 
the parathyroid hormone (PTH) receptor. 

In accordance with this invention and as pointed out herein above, naturally 
occurring seven-transmembrane protein may be genetically/recombinantly 
modified in order to provide from the recombinant seven-transmembrane 
receptors of the present invention. For example, the human PTH/PTHrP receptor 
gene is well known in the art and deposited under GeneBank accession No. 
U22401. A mouse <x2A-adrenergic receptor can be found under GeneBank 
accession No. M99377. The gene encoding for human A2A receptor can be found 
in GeneBank accession No. M97370. Corresponding sequences on nucleic acid 
as well as amino acid level are depicted and described in appended SEQ ID NOS: 
1 to 6. Yet, it is of note that the G protein-coupled receptors or the proto-oncogene 
to be employed in accordance with the present invention for the generation of 
recombinant seven-transmembrane receptors as defined herein above are not 
limited to GPCRs or proto-oncogenes derived from human or mouse. It is in 
particular settings also envisaged to employ G protein-coupled receptors or proto- 
oncogenes from other vertebrates like rats, rabbits, guinea pigs, dogs, cats or 
frogs and fish. 

The detectable labels to be introduced into the recombinant seven- 
transmembrane receptor/proteins of the present invention are preferably 
fluorescent labels or bioluminescent labels. 

The fluorescence labels are, in particular, selected from "green fluorescent 
protein" or "GFP" and its variants or mutants. Preferably, said group comprises 
GFP (green), YFP (yellow), CFP (cyan), BFP (blue) and dsRed. 



WO 2004/057333 



PCT7EP2003/014679 



18 

The bioluminescent labels may be luciferase (like renilla luclferase or firefly 
luciferase). Furthermore, it is envisaged that the fluorescence label is produced by 
binding the FIAsH compound to specific epitopes of said 1 st and 3 rd loop or said C- 
tenminus of the recombinant seven-transmembrane receptor. 

FIAsH (fluorescein arsenical helix binder, FIAsH-compound) can specifically bind 
a protein comprising the sequence Cys-Cys-X-X-Cys-Cys (X represents any 
amino acid but preferentially X-X is Pro-Gly). FIAsH fluoresces after binding to the 
sequence Cys-Cys-X-X-Cys-Cys, and thus allows site-specific fluorescent labeling 
of recombinant proteins in living cells. Accordingly, in context of the present 
invention, intramolecular FRET with GPCRs may be performed with a 
recombinant receptor containing the bound FIAsH (to the epitope, Cys-Cys-X-X- 
Cys-Cys; which may be recombinantly introduced in the first or third loop as 
defined herein or into the carboxy-terminus of a seven-transmembrane receptor 
as defined herein) and the, inter alia, CFP; see, Griffin, Science 281 (1998), 269- 
272. A red-emitting analog of FIAsH (named REASH) is also known in the art and 
may be used for FRET experiment in accordance with this invention by use of, 
inter alia, YFP; see Gaietta, Science 296 (2002), 503-507. The appended 
examples provide for corresponding inventive recombinant constructs. These are 
also depicted in SEQ ID NO: 40 and 42 and may be encoded by nucleic acid 
molecules as shown in SEQ ID NOs: 39 and 40. In a particular preferred 
embodiment of the present invention a recombinant seven-transmembrane 
receptor as described herein is employed which comprise as a first label a 
fluorescein arsenical helix binder (FIAsH/flash/FIAsH) and as a second label CFP; 
whereby said label attaches to the artificially or recombinantly introduced 
CCXXCC sequence as defined above. 

The use of the fluophore FIAsH may in certain experimental settings be 
advantageous, for example if a "wildtype" (wt)-like complex of a receptor to its 
interacting molecule, for example a GPCR to its G-protein is desired. Furthermore, 
as documented in the appended examples, an icrease of amplitude of agonist- 
induced FRET changes may be observed when FIAsH-compound (for example 
instead of YFP) is employed. This increases the signal to noise ratio. 
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The detection portions/labels present in the recombinant seven-transmembrane 
protein of the invention facilitate the detection of a conformational change, which, in 
turn, is indicative for change of the energy emitted by the detection portions/detectable 
labels. 

In one embodiment of the recombinant seven-transmembrane receptor of the 
invention, these detection labels are portions of a split fluorescent protein. Preferably, 
this split fluorescent portions is a split green fluorescent protein (split GFP). The term 
"green fluorescent protein" or M GFP" as used throughout the present application refers 
to the GFP initially cloned by Prasher (Gene 111 (1992), 229-233) from Aequorea 
victoria and mutants thereof showing GFP activity. The term "GFP activity" refers to 
the known properties of a GFP, i.e. fluorescence emission upon excitation by a 
suitable light, the capacity of autocatalytic maturation involving folding into tertiary 
structure and the formation of the chromophore and the independence of any co- 
factors or metabolic energy supply for carrying out fluorescence as well as 
autocatalytic maturation. These properties are well known in the art and for example 
reviewed by Tsien (Ann. Rev. Biochem. 67 (1998), 509-544). For the purposes of the 
present invention, unless otherwise stated, any detectable emission wavelength of a 
GFP mutant can be useful for applying the recombinant seven-transmembrane 
protein of the invention. In the prior art, many GFP mutants are described, wherein 
specific amino acid residues are substituted with the effect of an improved 
fluorescence efficiency and/or a shifted excitation and/or emission wavelength (see, 
e.g., Helm, Methods Enzymol. 302 (1999), 408-423; Heikal et al„ PNAS 97 (2000), 
11996-12001). Particularly, mutating glutamine in position 69 to methionine can 
reduce the inherent pH and halide sensitivity of eYFP (Griesbeck et al., J. Biol. Chem. 
(2001) 276, 29188-29194). Thus, if eYFP, or a derivative thereof having substantially 
the same excitation and emission spectrum, is used as one detection portion of the 
fusion protein of the invention, it is preferred that the eYFP or derivative thereof shows 
this mutation. Yet, as shown in the appended examples, YFP is also useful in 
accordance with this invention. Examples for GFP mutants useful for applying the 
invention include (enhanced) yellow fluorescent protein ((e)YFP), (enhanced) cyan 
fluorescent protein ((e)CFP), (enhanced) blue fluorescent protein ((e)BFP), 
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(enhanced) green fluorescent protein ((e)GFP), DsRED, Citrine and Sapphire. Within 
the scope of the present invention, any GFP mutant or functional analog of GFP may 
be used as long as it shows fluorescent activity. Preferably, such GFP 
variants/mutants are encoded by a nucleic acid molecule that hybridizes, preferably 
under stringent conditions, with the nucleotide sequence encoding the wild-type GFP, 
or with variants/mutants as the sequence depicted under SEQ ID NOS: 7 to 10. 
These GFP-mutants/yariants shown in SEQ ID NOS: 7 to 10 relate to the most 
preferred GFP variants to be employed in this invention, namely enhanced cyan 
fluorescent protein (eCFP) and yellow fluorescent protein (YFP). Suitable preferred 
hybridization conditions and sequence identity values for preferred hybridizing 
nucleotide sequences encoding a mutant GFP are mentioned below in connection 
with functional analogs of the recombinant seven-transmembrane protein of the 
invention. 

The term "split fluorescent protein" refers to a fluorescent protein the amino acid 
sequence of which is divided into two portions, whereby upon secondary spatial 
joining of these portions, the split fluorescent protein assumes a three-dimensional 
structure which allows it to emit fluorescence when excited by light of a suitable 
wavelength. It is for example contemplated that the split fluorescent protein is a split 
GFP, as it has been described by Baird (Proc. Natl. Acad. Sci. USA 96 (1999), 1 1241- 
1 1246). Following the teachings of the prior art, it is possible for a person skilled in the 
art to divide a GFP into two split GFP portions for fusing them to the 1 st and 3 rd loop or 
a C-terminus of the recombinant seven-transmembrane protein of the invention. It is 
furthermore conceivable that other fluorescent proteins than GFP, e.g. those 
mentioned infra, may be split so as to constitute two detection portions in the same 
manner as split GFP described herein. 

In another embodiment of the present invention, the first detection label is an 
energy-emitting protein portion and the second detection portion is a fluorescent 
protein label or vice versa. In connection with this embodiment, it is unimportant 
on which part of the seven-transmembrane protein the first detection portion is 
located with respect to the other part defined herein, i.e. whether said detection 
label is located on the first or third intracellular loop or the C-terminus of the 
inventive recombinant protein. The term "energy-emitting protein portion" refers to 



WO 2004/057333 



PCT/EP2003/014679 



21 

proteins capable of radiative energy emission which can (i) take up energy in a 
suitable form and (ii) transmit at least part of this energy by resonance energy 
transfer (RET) to the second detection label being a fluorescent protein portion 
which is thereby elicited to energy emission. The form of energy uptake may be 
anything that is conceivable to the person skilled in the art and may involve, e.g., 
a chemical reaction (chemiluminescence or bioluminescence) or absorption of 
radiation (fluorescence or phosphorescence). 

The term "fluorescent protein portion'' refers to proteins that are capable of 
fluorescence, i.e. to absorb energy from radiation of a certain wave length, e.g. 
ultra-violet or visible light, and to emit this energy or a part thereof by radiation, 
wherein the emitted radiation has a higher wavelength than the eliciting radiation. 
There are many examples of fluorescent proteins described in the literature that 
may be useful in connection with the present invention such as GFPs as 
mentioned above, fluorescent proteins from non-bioluminescent organisms of the 
class Anthozoa (WO 00/34318, WO 00/34319, WO 00/34320, WO 00/34321, WO 
00/34322, WO 00/34323, WO 00/34324, WO 00/34325, WO 00/34326, WO 
00/34526) or the fluorescent protein bmFP from Photobacterium phosphoreum 
(Karatani, Photochem. Photobiol. 71 (2000), 230). Preferred, however, are 
fluorescent proteins being a YFP and eCFP as employed in the appended 
examples. 

The term "resonance energy transfer" (RET) refers to a non-radiative transfer of 
excitation energy from a donor (first detection portion) to an acceptor molecule 
(second detection portion). The conformational change of the recombinant seven- 
transmembrane receptor results in a detectable change of RET between the 
detection portions. Such a change can for instance be taken from a comparison of 
the emission spectra of a recombinant seven-transmembrane receptor in the 
absence of a suitable binding compound/ligand/agonist or antagonist with the 
same recombinant seven-transmembrane receptor in the presence of such a 
compound. If, for example, RET is increased, the emission peak of the acceptor is 
raised and the emission peak of the donor is diminished. Thus, the ratio of the 
emission intensity of the acceptor to that of the donor is indicative for the degree 
of RET between the detection portions. The conformational change of the 
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recombinant seven-transmembrane protein upon binding of a compound, Iigand, 
agonist or antagonist may result either in a decrease or an increase of the 
distance between the detection portions. 

In a most preferred embodiment of the invention, recombinant membrane receptor 
of the invention, is a G-protein-coupled receptor comprising at least two labels is 
selected from the group consisting of: 

(a) a polypeptide as shown in SEQ ID NOS: 12, 14, 16, 40 or 42; 

(b) a polypeptide encoded by a nucleic acid sequence as depicted in any one 
of SEQ ID NOS: 11, 13, 15, 39 or41; 

(c) a recombinant membrane receptor as defined herein encoded by a 
nucleotide sequence which hybridizes to a nucleotide sequence as defined 
(b); and 

(d) a recombinant membrane receptor as defined herein encoded by a nucleic 
acid sequence being degenerate as a result of the genetic code to a 
nucleic acid sequence as defined in (b) or (c). 

In accordance with this invention, a recombinant membrane receptor is described, 
wherein the third intracellular loop is or comprises the first detectable label 
whereby said third intracellular loop is selected from the group consisting of 

(a) a polypeptide depicted in SEQ ID NOS: 18, 22 or 26; 

(b) a polypeptide encoded by a nucleic acid sequence as depicted in SEQ ID 
NOS: 17,21 or 25; 

(c) a third intracellular loop encoded by a nucleotide sequence which 
hybridizes to a nucleotide sequence as defined (b); and 

(d) a third intracellular loop encoded by a nucleic acid sequence being 
degenerate as a result of the genetic code to a nucleic acid sequence as 
defined in (b) or (c). 

Accordingly, another embodiment of the present invention relates to nucleic acid 
molecules comprising a nucleotide sequence encoding the recombinant seven- 
transmembfane protein of the present invention. 
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The term "nucleic acid molecule" means DNA or RNA or both in combination or 
any modification thereof that is known in the state of the art (see, e.g., US 
552571 1, US 471 1955, US 5792608 or EP 302175 for examples of modifications). 
Such nucleic acid molecule(s) are single- or double-stranded, linear or circular 
and without any size limitation. The nucleic acid molecules of the invention can be 
obtained for instance from natural sources or may be produced synthetically or by 
recombinant techniques, such as PCR. In a preferred embodiment, the nucleic 
acid molecules of the invention are DNA molecules, in particular genomic DNA or 
cDNA, or RNA molecules. Preferably, the nucleic acid molecule is double- 
stranded DNA. Particular inventive nucleic acid molecules are depicted in SEQ ID 
NOS: 11, 13 and 15. 

The nucleic acid molecule comprising a nucleotide sequence encoding it is a 
recombinant nucleic acid molecule, i.e. a nucleic acid molecule that has been 
produced by a technique useful for artificially combining nucleic acid molecules or 
parts thereof that were beforehand not connected as in the resulting recombinant 
nucleic acid molecule. Suitable techniques are for example available from the 
prior art, as represented by Sambrook and Russell (2001), Molecular Cloning: A 
Laboratory Manual, CSH Press and Ausubel, Current Protocols in Molecular 
Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1989) as well 
as Vilardaga (1995), Biotechniques 18, 605-606. Furthermore, the corresponding 
techniques are illustrated in the appended examples. Said techniques comprise in 
particular site-directed mutagenesis. 

In this context the term "hybridization" means hybridization under conventional 
hybridization conditions. They may be low stringent, preferably stringent (i.e. high 
stringent) hybridization conditions, as for instance described in Sambrook at al., 
Molecular Cloning, A Laboratory Manual, loc. cit. In an especially preferred 
embodiment the term "hybridization" means that hybridization occurs under the 
following conditions. 
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Furthermore, the present invention relates to expression cassettes comprising the 
above-described nucleic acid molecule of the invention and operably linked thereto 
control sequences allowing expression in prokaryotic or eukaryotic cells. 
Suitable expression control sequences include promoters that are applicable in 
the target host organism or host cell. Such promoters are well known to the 
person skilled in the art for diverse hosts from prokaryotic and eukaryotic 
organisms and are described in the literature. For example, such promoters can 
be isolated from naturally occurring genes or can be synthetic or chimeric 
promoters. Likewise, the promoter can already be present in the target genome 
and will be linked to the nucleic acid molecule by a suitable technique known in 
the art, such as for example homologous recombination. Specific examples of 
expression control sequences and sources from where they can be derived are 
given further below and in the appended examples. All constructs were in 
pcDNA3. 

Expression cassettes according to the invention are particularly meant for an easy 
to use insertion into target nucleic acid molecules such as vectors or genomic 
DNA. For this purpose, the expression cassette is preferably provided with 
nucleotide sequences at its 5- and 3'-flanks facilitating its removal from and 
insertion into specific sequence positions like, for instance, restriction enzyme 
recognition sites or target sequences for homologous recombination as, e.g. 
catalyzed by recombinases. 

The present invention also relates to vectors, particularly plasmids, cosmids, 
viruses and bacteriophages used conventionally in genetic engineering, that 
comprise a nucleic acid molecule or an expression cassette of the invention. 
In a preferred embodiment of the invention, the vectors of the invention are 
suitable for the transformation of fungal cells, plant cells, cells of microorganisms 
(i.e. bacteria, protists, yeasts, algae etc.) or animal cells, in particular mammalian 
cells. Preferably, such vectors are suitable for the transformation of human cells. 
Methods which are well known to those skilled in the art can be used to construct 
recombinant vectors; see, for example, the techniques described in Sambrook 
and Russell (2001), loc. cit. Alternatively, the vectors may be liposomes into 
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which the nucleic acid molecules or expression cassettes of the invention can be 
reconstituted for delivery to target cells. Likewise, the term 'Vector" refers to 
complexes containing such nucleic acid molecules or expression cassettes which 
furthermore comprise compounds that are known to facilitate gene transfer into 
cells such as polycations, cationic peptides and the like. 

In addition to the nucleic acid molecule or expression cassette of the invention, 
the vector may contain further genes such as marker genes which allow for the 
selection of said vector in a suitable host cell and under suitable conditions. 
Generally, the vector also contains one or more origins of replication. 
Advantageously, the nucleic acid molecules contained in the vectors are operably 
linked to expression control sequences allowing expression, i.e. ensuring 
transcription and synthesis of a translatable RNA, in prokaryotic or eukaryotic 
cells. 

In one aspect, the expression of the nucleic acid molecules of the invention in 
prokaryotic or eukaryotic cells is interesting because it permits a more precise 
characterization of the function of the recombinant seven-transmembrane protein 
encoded by these molecules. In addition, it is possible to insert different additional 
mutations into the nucleic acid molecules by methods usual in molecular biology 
(see for instance Sambrook and Russell (2001), loc. cit.), leading to the synthesis 
of proteins possibly having modified properties, e.g. as concerns binding affinity or 
energy emission (e.g. RET) efficiency. In this regard, it is possible to mutate the 
nucleic acid molecules present in the vector by inserting or deleting coding 
sequences or to introduce amino acid substitutions by replacing the corresponding 
codon tripletts. 

For genetic engineering, e.g. in prokaryotic cells, the nucleic acid molecules of the 
invention or parts of these molecules can be introduced into plasmids which 
permit mutagenesis or sequence modification by recombination of DNA 
sequences. Standard methods (see Sambrook and Russell (2001), loc. cit.) allow 
base exchanges to be performed or natural or synthetic sequences to be added. 
Similarly, for expression in eukaryotic cells, corresponding expression vectors, like 
pCDNA3 may be employed. DNA fragments can be connected to each other by 
applying adapters and linkers to the fragments. Moreover, engineering measures 
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which provide suitable restriction sites or remove surplus DNA or restriction sites 
can be used. In those cases, in which insertions, deletions or substitutions are 
possible, in vitro mutagenesis, "primer repaid, restriction or ligation can be used. 
In general, sequence analysis, restriction analysis and other methods of 
biochemistry and molecular biology are carried out as analysis methods. The 
expression of the nucleic acid molecule of the present invention is preferably in a 
stable cell line. Procedure for selection of stably transfected cell lines are known in 
the art; see, inter alia, Vilardaga (2001), JBC 276, 33435-33443. Preferred host 
cells are CHO-cells, HEK293 cells, PC12 cells or even primary cells like primary 
cardiomyocytes or primary brain cells like cultured neurons, cerebral cortex 
astrocytes, dorsal root ganglia cells and the like. 

In a further embodiment, the invention relates to a method for producing cells or 
hosts capable of expressing the recombinant seven-transmembrane 
protein/receptor of the invention comprising genetically engineering cells or hosts 
with an above-described nucleic acid molecule, expression cassette or vector of 
the invention. 

Another embodiment of the invention relates to host cells, in particular prokaryotic 
or eukaryotic cells, genetically engineered with an above-described nucleic acid 
molecule, expression cassette or vector of the invention, and to cells descended 
from such transformed cells and containing a nucleic acid molecule, expression 
cassette or vector of the invention and to cells obtainable by the above-mentioned 
method for producing the same. As pointed out below, the invention also relates to 
non-human transgenic animals comprising nucleic acid sequences encoding the 
recombinant seven-transmembrane protein/receptor of the invention. 
Preferably, host cells are bacterial, fungal, insect, plant or animal host cells. In a 
preferred embodiment, the host cell is genetically engineered in such a way that it 
contains the introduced nucleic acid molecule stably integrated into the genome. 
More preferably the nucleic acid molecule can be expressed so as to lead to the 
production of the recombinant seven-transmembrane protein of the invention. 
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A classical overview of different expression systems is for instance contained in 
Methods in Enzymology 153 (1987), 385-516, in Bitter et al. (Methods in 
Enzymology 153 (1987), 516-544) and in Sawers et al. (Applied Microbiology and 
Biotechnology 46 (1996), 1-9), Billman-Jacobe (Current Opinion in Biotechnology 
7 (1996), 500-4), Hockney (Trends in Biotechnology 12 (1994), 456-463), Griffiths 
et al.. (Methods in Molecular Biology 75 (1997), 427-440). An overview of yeast 
expression systems is for instance given by Hensing et al. (Antoine von 
Leuwenhoek 67 (1995), 261-279), Bussineau (Developments in Biological 
Standardization 83 (1994), 13-19), Gellissen et al. (Antoine van Leuwenhoek 62 
(1992), 79-93, Fleer (Current Opinion in Biotechnology 3 (1992), 486-496), 
Vedvick (Current Opinion in Biotechnology 2 (1991), 742r745) and Buckholz 
(Bio/Technology 9 (1991), 1067-1072). Particular preferred expression systems 
are described in the appended examples and in scientific references cited therein. 
Expression vectors have been widely described in the literature. As a rule, they 
contain not only a selection marker gene and a replication origin ensuring 
replication in the host selected, but also a bacterial or viral promoter and, in most 
cases, a termination signal for transcription. Between the promoter and the 
termination signal, there is in general at least one restriction site or a polylinker 
which enables the insertion of a coding nucleotide sequence. It is possible to use 
promoters ensuring constitutive expression of the gene and inducible promoters 
which permit a deliberate control of the expression of the gene. Bacterial and viral 
promoter sequences possessing these properties are described in detail in the 
literature. Regulatory sequences for the expression in microorganisms (for 
instance E. coli, S. cerevisiae) are sufficiently described in the literature. 
Promoters permitting a particularly high expression of a downstream sequence 
are for instance the T7 promoter (Studier et al., Methods in Enzymology 185 
(1990), 60-89), lacUV5, trp, trp-lacUV5 (DeBoer et al., in Rodriguez and 
Chamberlin (Eds), Promoters, Structure and Function; Praeger, New York, (1982), 
462-481; DeBoer et al., Proc. Natl. Acad. Sci. USA (1983), 21-25), Ip1, rac (Boros 
et al., Gene 42 (1986), 97-100). Inducible promoters are preferably used for the 
synthesis of proteins. These promoters often lead to higher protein yields than do 
constitutive promoters. In order to obtain an optimum amount of protein, a two- 
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stage process is . often used. First, the host cells are cultured under optimum 
conditions up to a relatively high cell density. In the second step, transcription is 
induced depending on the type of promoter used. In this regard, a tac promoter is 
particularly suitable which can be induced by lactose or IPTG (isopropyl-li-D- 
thiogalactopyranoside) (deBoer et al., Proc. Natl. Acad. Sci. USA 80 (1983), 21- 
25). Termination signals for transcription such as the SV40-poly-A site or the tk- 
poly-A site useful for applications in mammalian cells are also described in the 
literature. Suitable expression vectors are known in the art such as Okayama- 
Berg cDNA expression vector pcDV1 (Pharmacia), pCDM8, pRc/CMV, pcDNAI, 
pcDNA3 (Invitrogene; see also appended examples), pSPORTI (GIBCO BRL) ) 
or pCI (Promega). 

The transformation of the host cell with a nucleic acid molecule or vector 
according to the invention can be earned out by standard methods, as for instance 
described in Sambrook and Russell (2001), loc. cit. The host cell is cultured in 
nutrient media meeting the requirements of the particular host cell used, in 
particular in respect of the pH value, temperature, salt concentration, aeration, 
antibiotics, vitamins, trace elements etc. The recombinant seven-transmembrane 
protein according to the present invention can be recovered and purified from 
recombinant cell cultures by methods including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromography and lectin 
chromatography. In view of the possession of seven-transmembrane regions, the 
recombinant protein may be purified applying detergents, like TritonX-100 or SDS. 
Protein refolding steps can be used, as necessary, in completing the configuration 
of the protein. Such a purified recombinant protein may, inter alia, be reassembled 
and/or introduced into artificial biological membrane, like liposomes, crude 
membrane preparations or lipid bilayers. 

Accordingly, a further embodiment of the invention relates to a method for 
producing the recombinant seven-transmembrane protein of the invention 
comprising culturing the above-described host cells under conditions allowing the 
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expression of said recombinant protein and. recovering said recombinant protein 
from the membranes of the host cell or host organism. Since the recombinant 
protein is localized in the membranes of the host cells, the protein can be 
recovered from the cultured cells by detergent-treatment. 

Moreover, the invention relates to recombinant seven-transmembrane proteins 
which are obtainable by a method for their production as described above. 
The recombinant seven-transmembrane protein of the present invention may, 
e.g., be a product of chemical synthetic procedures and is preferably produced by 
recombinant techniques from a prokaryotic or eukaryotic host (for example, by 
bacterial, yeast, higher plant, insect or mammalian cells in culture). Since the 
inventive protein is a membrane protein, it is preferably produced in a eukaryotic 
host cell or organism. Depending upon the host employed in a recombinant 
production procedure, the expressed protein may be modified, e.g. glycosylated or 
may be non-glycosylated, phosphorylated, palmytolated, ubiquitinated, methylated 
and the like. The recombinant protein of the invention may also include an initial 
methionine amino acid residue. The protein according to the invention may be 
further modified to contain additional chemical moieties not normally part of the 
protein. Those derivatized moieties may, e.g., improve the stability, solubility, the 
biological half life or absorption of the protein. The moieties may also reduce or 
eliminate any undesirable side effects of the protein and the like. An overview for 
these moieties can be found, e.g., in Remington's Pharmaceutical Sciences (18 th 
edition, Mack Publishing Co., Easton, PA (1990)). 

The present invention furthermore relates to non-human transgenic organisms, 
i.e. multicellular organisms comprising a nucleic acid molecule encoding a fusion 
protein of the invention or an expression cassette or vector as described above, 
preferably stably integrated into its genome, at least in a subset of the cells of that 
organism, or to parts thereof such as tissues or organs. Most preferably, such 
non-human transgene origin is a mammal like mouse, a rat, a sheep, a goat, a 
pig, a dog, a rat or a horse. 
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The transgenic animal expressing the recombinant seven-transmembrane protein 
of the present invention are particularly useful in pharmacological studies, 
screening and identification method as provided herein. It is of note that in 
particular for these studies not only cells but also organs or parts of organs of said 
non-human transgenic animals are particularly useful. It is envisaged that, for 
example brains or slice cultures of brain of the herein described non-human 
transgenic animal are employed in the screening and identification method 
provided herein. Besides the non-human transgenic animals which are mammals, 
it is also envisaged that said non-human transgenic organisms may be an 
amphibian, an insect, a fungi or even a plant. Particular preferred non-human 
transgenic animals in this context are Drosphila, C. elegans, Xenopus as well as 
yeasts like S. pombe or S. cerevisae or the Aspergillus species. Transgenic plants 
comprise, but are not limited to, wheat, tobacco, parsley or Arabidopsis. 

As mentioned herein above and as in particular illustrated in the appended 
examples, the recombinant seven-transmembrane proteins defined herein are in 
particular useful in screening and identification methods for molecules or 
compounds which are capable of modifying the biological and/or pharmacological 
action of seven-transmembrane proteins, in particular of GPCRs and proto- 
oncogenes. As the examples show, the present invention is based on the 
surprising finding that intramolecular RET-analysis can be carried out on rather 
complex proteins comprising seven-transmembrane regions. It was in particularly 
surprising that recombinant seven-transmembrane proteins as defined herein 
provide for a direct measurement system to investigate activation (or de- 
activation) of GPCR in very fast time frames. The prior art, like Gether (1995), 
JBC 270, 28268-28275; Jensen (2001), JBC 276, 9279-9290, Ghanouni (2001), 
JBC 276, 24433-24436 or Ghanouni (2001), PNAS 98, 5997-6002 has provided 
for screening methods comprising spectroscopic studies where, inter alia, 
agonists-mediated changes in GPCRs could be measured on a minute time scale. 
This is much slower than the biological responses to receptor activation which can 
occur within seconds, even milliseconds. Accordingly, the present invention 
provides for the first time means and methods whereby activation (as well as de- 
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activation) of seven-transmembrane proteins, in particular GPCRs may be 
observed with a high resolution and within physiological kinetics. In particular, 
high resolution assays for conformational changes/switches of receptor activation 
in living cells are provided. 

Accordingly, the present invention provides in one embodiment a method for 
identifying molecules or compounds which are capable of activating, deactivating 
or inactivating the (biological/pharmacological) function of (a) seven- 
transmembrane receptor(s), comprising the steps of 

(a) contacting the recombinant seven-transmembrane receptor, a host or a 
host cell as defined herein with (a) molecule(s) or compound(s) to be 
tested; and 

(b) measuring as a response whether said molecule(s) or compound(s) to be 
tested lead(s) to a modification of a signal provided by said at least two 
detectable labels. 

Furthermore, a method of screening for molecules or compounds which are 
activators (agonists) or inhibitors (antagonists) of the (biological/pharmacological) 
function of (a) seven-transmembrane receptor(s) is provided, said method 
comprising the steps of 

(a) contacting a recombinant seven-transmembrane receptor, a host or a host 
cell as defined herein with the molecule or compound to be tested; 

(b) measuring and/or detecting a response comprising a modification of a 
signal provided by said at least two detectable labels; and 

(c1) comparing said response to a standard response as measured in the 

absence of said candidate molecule/compound; 
(c2) comparing said response to the response of a control membrane receptor 

which comprises at least two detectable labels on the C-terminus; or 
(c3) comparing said response to control seven-transmembrane receptor which 

comprises only one detectable label. 



WO 2004/057333 



PCT/EP2003/014679 



32 

Similarly, the invention provides for a method for identifying molecules or 
compounds which are capable of eliciting a (biological/pharmacological) response 
of (a) seven-transmembrane protein(s), comprising the steps, of 

(a) contacting a recombinant seven-transmembrane protein, a host or host cell 
of the invention with the molecule or compound to be tested; and 

(b) identifying among these molecules/compounds the molecules/compounds 
which are capable of eliciting a change in energy emitted by said at least 
two detectable labels comprised on the recombinant membrane receptor as 
defined above. 

According to the methods provided herein, the invention provides for identifying, 
characterizing, screening as well as derivatized molecules which are capable of 
interacting with seven-transmembrane protein, in particular with GPCRs or proto- 
oncogenes, whereby said interaction may lead to an activation, a partial 
activation, an inhibition or a partial inhibition of the biological and/or 
pharmacological function of said seven-transmembrane protein. Therefore, the 
present invention provides for distinct screening as well as identification methods 
for agonists, partial agonists, inverse agonists as well as antagonists of seven 
transmembrane receptors, in particular of GPCRs. In context of this invention as 
well as in accordance with the pharmacological sciences, the term "agonist" can 
be confined as a molecule or a compound that binds to and activates the 
corresponding receptor. As "partial agonists" the art defines 
molecules/compounds that behave like agonists, but that, even at high 
concentrations, cannot activate the receptors to the same maximal extend as full 
agonists. The term "inverse agonist" relates to molecules/compounds that bind to 
and inhibit activity of the corresponding receptor. These inverse agonists are of 
particular importance and visible, when the receptors exhibit intrinsic agonist- 
independent activity. Inverse agonism is a process by which a ligand reduces or 
suppresses the basal activity of a receptor that activates for example the 
endogenous G protein activation in the absence of agonist binding (Trends 
Pharmocol Sci 2002, 23(2):89-95). A long-standing question on the pharmacology 
of seven-transmembrane receptors, in particular of GPCRs, is how inverse 
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agonists act on receptors and what is the nature the conformational change 
mediated by inverse agonists on said receptors. To characterize the mechanism 
by which inverse agonists generate a conformational change within the receptor, 
recombinant seven-transmembrane receptors as described in the present 
invention have been employed. As documented in the appended examples, an 
illustrative recombinant a2A-adrenergic receptor (a^AR-cam) was employed, 
whereby said a2A-adrenergic receptor (a2AAR-cam) comprises the two detectable 
labels YFP and CFP on the first intracellular loop and the third intracellular loop. 
The fluorescence resonance energy transfer (FRET) was recorded in living neural 
cells in presence of an agonist (noradrenaline) and two distinct well established 
inverse agonists (yohimbine and rauwolscine, Mol. Pharmacol. 2001, 59:532-542) 
(see, inter alia, figure. 14). The data as documented in the appended examples 
show that agonists and inverse agonists transduce opposite conformational 
changes of the receptor. Thus, "sensors", i.e. the recombinant seven- 
transmembrane receptors, of the present invention are particularly useful for 
differentiating between agonists and inverse agonists at the receptor level. 

The term "antagonist" relates to molecules/compounds that bind to receptors but 
do not alter the intrinsic activity of said receptor. They may also prevent binding of 
the corresponding receptor ligand and they may prevent the binding and 
activation of the receptors by their agonists or partial agonists. 

In accordance with the present invention, the term "antagonist" denotes 
molecules/substances, which are capable of inhibiting and/or reducing an 
agonisitic effect. The term "antagonist" comprises competitive, non-competitive , 
functional and chemical antagonists as described, inter alia, in Mutschler, 
"Arzneimittelwirkungen" (1986), Wissenschaftliche Verlagsgeselischaft mbH, 
Stuttgart, Germany. The term "partial antagonist" in accordance with the present 
invention means a molecule/substance that is capable of incompletely blocking 
the action of agonists through, inter alia, a non-competitive mechanism. As 
"agonist", in accordance with this invention, molecules/substances are denoted 
which have an affinity as well as an intrinsic activity. Mostly, said intrinsic activity 
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(a) is defined as being proportional to the quotient of the effect, triggered by 
said agonist (E A ) and the effect which can be maximally obtained in a given 
biological system (E max ): therefore, the intrinsic activity can be defined as 

Ea 

<x~ — 

il max 

The highest relative intrinsic activity results from EA/E max =1. Agonists with an 
intrinsic activity of 1 are full agonists, whereas substances/molecules with an 
intrinsic activity of >0 and <1 are partial agonists. Partial agonists show a 
dualistic effect, i.e. they comprise agonistic as well as antagonistic effects. 

The person skilled in the art can, therefore, easily employ the compounds and 
the methods of this invention in order to elucidate the agonistic and/or 
antagonistic effects and/or characteristics of a compound/molecule/substance to 
be identified and/or characterized in accordance with any of the above 
described methods. 

The identification and/or characterization of molecules which are capable of 
interacting with seven-transmembrane receptors, may be, inter alia, achieved by 
transfecting an appropriate host with a nucleic acid molecule encoding the same 
and as defined above. Said hosts comprise, but are not limited to, HEK 293 
cells, CHO-cells, (primary) cardiomyocytes, (primary) cultured nerve cells, or 
frog oocytes. After expression of a recombinant seven-transmembrane protein 
of the invention, membrane currents may be deduced in the absence and/or 
presence of the molecule to be identified and/or characterized. Methods for the 
deduction of membrane currents are well known in the art and comprise, e.g., 
patch clamp methods as described in Hamill, Pfluger's Arch. 391 (1981), 85-100 
or two-electrode voltage clamp in oocytes, as described in Methfessel, Pflugers 
Archive 407 (1986) 577-588. 
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However, as the appended examples illustrate, the particular preferred 
measurement methods comprise the FRET- or BRET-measurements as will be 
detailed below. Yet, also GIRK current measurements are envisaged and 
shown in the appended examples. 

Furthermore, the present invention relates to a method of screening for 
molecules which are capable of interacting with seven-transmembrane proteins, 
comprising the steps of (a) contacting a recombinant seven-transmembrane 
protein of the invention or as encoded by a nucleic acid molecule, a vector or a 
host of the invention with a candidate molecule; and (b) measuring and/or 
detecting a response; and (c) comparing said response to a standard response 
as measured in the absence of said candidate molecule. 

Potential candidate molecules or candidate mixtures of molecules may be, inter 
alia, substances, compounds or compositions which are of chemical or 
biological origin, which are naturally occurring and/or which are synthetically, 
recombinantly and/or chemically produced. Thus, candidate molecules may be 
proteins, protein-fragments, peptides, amino acids and/or derivatives thereof or 
other compounds, such as ions, which bind to and/or interact with, inter alia, 
GPCRs.. 

A person skilled in the art will immediately appreciate that the methods of the 
invention may present an important contribution to pharmacological research, in 
particular in the field of drug screening. Thus, corresponding techniques for drug 
screening described in the literature are incorporated herein by reference. This 
includes for instance Kyranos (Curr. Opin. Drug. Discov. Devel. 4 (2001), 719- 
728), Pochapsky (Curr. Top. Med. Chem. 1 (2001), 427-441) and Bohets (Curr. 
Top. Med. Chem. 1 (2001), 367-383). 

According to the present embodiment, in principle any kind of cell, membrane, 
membrane preparation or liposome may be used for the present method that is 
amenable to optical detection. The cell to be used can be transformed so as to 
express a heterologous protein, i.e. the recombinant seven-transmembrane 
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protein of the present invention. Thus, the cells may be single cells such as 
bacteria, yeasts, protozoa or cultured cells, e.g., of vertebrate, preferably 
mammalian, more preferably human origin. For certain applications, it may be 
useful to take pathogenetically affected cells such as tumor cells or cells infected 
by an infectious agent, e.g. a virus, wherein preferentially measurements are 
conducted in comparison with corresponding healthy cells. Likewise, the cells may 
be part of a tissue, organ or organism, in particular of a non-human transgenic 
animal defined above. 

The candidate compounds or test compounds can in principle be taken from any 
source. They may be naturally occurring substances, modified naturally occurring 
substance, chemically synthesized substances or substances produced by a 
transgenic organism and optionally purified to a certain degree and/or further 
modified. Practically, the candidate compound may be taken from a compound 
library as they are routinely applied for screening processes. 
The term "contacting" refers to the addition of a candidate compound/test 
compounds to the analyzed cell in a way that the compound may become 
effective to the cell at the cell surface or upon cellular uptake. Typically, the 
candidate compound or a solution containing it may be added to the assay 
mixture. Step (a) of the methods of the present invention, i.e. the "contacting step" 
may likewise be accomplished by adding a sample containing said candidate 
compound or a plurality of candidate compounds to the assay mixture. If such a 
sample or plurality of compounds is identified by the present method to contain a 
compound of interest, then it is either possible to isolate the compound from the 
original sample or to further subdivide the original sample, for example, if it 
consists of a plurality of different compounds, so as to reduce the number of 
different substances per sample and repeat the method with the subdivisions of 
the original sample. Depending on the complexity of the sample, the steps 
described herein can be performed several times, preferably until the sample 
identified according to the method of the invention only comprises a limited 
number of or only one substance(s). Preferably said sample comprises 
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substances of similar chemical and/or physical properties, and most preferably 
said substances are identical. 

Step (b), i.e. the "measuring or identification step" may be carried out in 
accordance with the explanations regarding measuring a change in energy 
emission of the fusion proteins of the invention as given hereinabove. 
Particularly preferred are optical measurement techniques that allow a 
resolution of fluorescence on the level of single cells, preferably at the 
subcellular level. Suitable imaging techniques are described in the literature 
such as in Periasamy A., Methods in Cellular Imaging, 2001 , Oxford University 
Press or in Fluorescence Imaging Spectroscopy and Microscopy, 1996, edited 
by: X.F. Wang; Brian Herman. John Wiley and Sons. They may involve 
fluorescence, preferably confocal, microscopy, digital image recording, e.g. by 
way of a CCD camera, and suitable picture analysis software. The appended 
examples also provide for useful settings for measuring candidate compounds. 
Preferentially, step (b) is carried out by running parallel control experiments. For 
instance, a corresponding cell expressing the same recombinant seven- 
transmembrane protein may be observed under corresponding conditions as in 
steps (a) and (b), however, without contacting a candidate compound. 

Accordingly, potential candidate molecules may be contacted with a cell, such 
as an oocyte, a HEK 293 cell, a CHO cell, a PC12 cell, or an (primary) 
cardiomyocytes which express a recombinant seven-transmembrane protein of 
the invention or with a membrane patch, a membrane preparation, comprising a 
recombinant seven-transmembrane protein of the invention and measuring a 
corresponding response (inter alia, a dose-response, a current-response, or a 
concentration response) in order to elucidate any effect said candidate molecule 
causes. Said response is most preferably measured by methods provided 
herein and in particular by FRET or BRET technology. 

Within the scope of the present invention are also methods for identifying, 
characterizing and for screening of molecules which are capable of interacting 
with seven-transmembrane receptors which comprise so-called high-throughput 
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screening methods and similar approaches which are known in the art 
(Spencer, Biotechnol. Bioeng. 61 (1998), 61-67; Oldenburg, Annu. Rep. Med. 
Chem. 33 (1998), 301-311; Milligan, Trends Pharmacol. Sci. 20 (1999), 118- 
124) carried out using 96-weII, 384-well, 1536-well (and other) commercially 
available plates. Further methods to be employed in accordance with the 
present invention comprise, but are not limited to, homogenous fluorescence 
readouts in high-throughput screenings (as described, inter alia, in Pope, Drug 
Discovery Today 4 (1999), 350-362). The method of the present invention for 
identification, characterization and/or screening of molecules capable of 
interacting with seven transmembrane-proteins, in particular GPCRs, can, inter 
alia, employ hosts as defined herein which express the recombinant protein of 
the present invention. Cell-based assays, instrumentation for said assays and/or 
measurements are well-known in the art and described, inter alia, in Gonzalez, 
Drug Discovery Today 4 (1999), 431-439 or Ramm, Drug Discovery Today 4 
(1999), 401-410. 

In this context, it is envisaged that agonists as well as antagonists as defined 
herein may be verified, measured and/or deduced by the methods provided 
herein. It is also envisaged that modifications, derivatives and the like of known 
agonists and/or antagonists are measured and screened by the methods of the 
present invention. For example, the activity of a derivate/derivative of a known 
agonist or antagonist of a GPCR may be compared to the activity of the 
corresponding, non-modified (not-derivatized) agonist/antagonist. As non- 
limiting examples the following list provides for antagonists/agonists of the 
exemplified GPCRs a2A-adrenergic receptor, PTH-receptor and A2A adenosine 
receptor. Also provided are pharmaceutical/medical uses of the corresponding 
agonists/antagonists. 

1. a2A-adrenergic receptor: 
Compounds: 

Agonists: clonidine and similar drugs (centrally acting antihypertensive; treatment 
of withdrawal syndrome, open angle glaucoma, diarrhea in patients with 
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neuropathies); oxymetazoline and many similar drugs (direct vasoconstrictor: 
decongestion in rhinitis, conjunctivitis etc); apraclonidine, brimonidine (open angle 
glaucoma); dexmedetomidine (anaesthetic, sedative). 

Possible further medical use: psychiatric and neurologic (presynaptic inhibition of 
neurotransmitter release) 

Antagonists: Phentolamine (peripherally acting antihypertensive, particularly in 
pheochromocytoma) 

Possible further medical use: psychiatric (presynaptic desinhibition), functional 
treatment of degenerative CNS diseases 

Diseases (in addition to those mentioned above) to be treated by agonists 
comprise 

Risk factor in cardiovascular diseases (increased release of neurotransmitter if 
receptor dysfunctional: hypertension, heart failure; in CNS-dysfunctions, agonists 
and antagonists are envisaged) 

2. PTH-receptor: 

Agonists: parathyroid hormone (PTH) itself and smaller fragments thereof, e.g. 
PTH(1-34) (hypoparathyroidism, osteoporosis, diagnostic use in different forms of 
hypoparathyroidism). 

Antagonists: Small fragments of. PTH, e.g. PTH(7-34) 
possible medical use: hyperparathyroidism 

Diseases (in addition to those mentioned above) to be treated by agonists 
comprise diseases of vitamin-D-metabolism, Ca-homeostasis; diseases of 
defective bone formation or metabolism (like osteoporosis) 

3. A2A adenosine receptor 

Agonists: Adenosine and several of its purine modified derivatives, e.g. N- 
ethylcarboxamidoadenosine (NECA); 

Effects: Vasodilation, inhibition of platelet aggregation, various CNS-effects. 
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Possible medical use: disorders of platelet aggregation and consequences of such 
disorders (atherosclerosis, stroke, myocardial infarction, heart failure), 
vasodilation for hypertension, vasospasm, various psychiatric/neurological 
illnesses have been postulated as potential indications. 
Antagonists: theophylline, caffeine and other methylxanthines 
Bronchial asthma - bronchodilation, central stimulation, diuresis, apnea - 
particularly in infants (not actually proven that this receptor subtype is the target in 
these therapeutic effects - other homologous adenosine receptors (Ai, A 2 b, A3) 
might also be involved) 

possible medical use: disorders of attention such as e.g. ADHS 

Further GPCRs to be modified in form of recombinant seven-transmembrane 
receptors of the present invention comprise, but are not limited to: py, pV. pV, 
cc-iA, 8, a-, 02A.B, x-adrenergic receptor; M1.5 muscarinic receptor; Hr, H2-hitamine 
receptor, AT-i-angiotensin receptor; serotonin-receptor(s) as well as opiate 
receptors. Corresponding agonists/antagonists and medical indications are 
given in the following table. Again it is envisaged that derivatives and/or 
modifications of the given agonists/antagonists be tested by the methods 
provided herein. 



Receptor 


Agonists 
(Indication) 


Antagonists 
(Indication) 


Adrenergic 


Noradrenaline, adrenaline, 
dobutamine 

(cardiac shock, acute heart 
failure) 


metoproloi, bisoprolol and 
many others 

(hypertension, arrhythmias, 
heart failure, myocardial 
infarction) 


Pi 


P2 


Isoprenaline, terbutaline, 
salbutamol and many 
others 

(bronchial asthma - 
bronchodilation, premature 


propranolol and many 
others 

(as for pi; also: open angle 
glaucoma, 

hyperthyroidism, tremor, 
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abour) 


some forms of anxiety) 


Pa 


soprenaline, several 
experimental compounds, 
e.g. BRL37344 (lipolysis) 


several experimental 
compounds, e.g. 
ICI1 18551 


CClA,B,A 


Noradrenaline, adrenaline, 
phenylephrine 
[Constriction of smooth 
muscle, eg. 

vasoconstriction, activation 
of gastrointestinal smooth 
muscles) 


prazosin, terazosin, 
tamsulosin and others 
(hypertension, prostatism) 


0C2A,B,X 


Noradrenaline, adrenaline, 
clonidine, oxymetazoline 
(see above) 


yohimbin 

(use as aphrodisiac) 


Muscarinic 

Mi c 

ivn-5 


Acetylcholine, carbachol, 
pilocarpine 

(glaucoma, activation of 
gastrointestinal motility, 
tacharrhythrnias 


Atropine, scopolamine 
(bradycardia, (pre-) 
anasthesia,bronchial 
asthma, vagal reflexes, 
poisoning with E605 and 
similar compounds 
including nerve gas) 


Histamine 
Hi 


histamine 


loratadine, clemastine 
(antiallergic, sedative- 
hypnotic) 


H 2 


histamine 


ranitidine and many others 
(gastric acid secretion: 
gastric and duodenal 
ulcers) 


Anaiotensin 
ATi 


angiotensin 


losartan (antihypertensive) 


Serotonin (5-HT) 

14 receptor sutypes, e.g.: 

5-HTib/d 

5-HT2C 

5-HT 4 


sumatriptan and others 
(migraine) 

partial agonists: 
1 metoclopramide 


methysergide, pizotifen 
(migraine, carcinoid 
syndrome) 



WO 2004/057333 



PCT/EP2003/014679 



42 





(gastrointestinal motility 
disorders) 




Opiate 


morphine and many others 
(analgesia, CNS- 
stimulation (euphoria) and 
depression, alterations in 
smooth muscle contraction: 
increase-spasm/decrease) 


naloxone, naltrexone 
Treatment of opiate 
overdose, termination of 
opiate effects 


LL 1 


K 


ethylketocyclazozine and 
many others 

(analgesia, diuresis, central 
nervous system effects) 


naloxone, naltrexone 
as above . 


s 


etorphine, deltorphin and 
others 

(analgesia, alterations in 
smooth muscle contraction: 
decrease) 


naloxone, naltrexone 
as above 



Additionally, the present invention relates to a method for the production of a 
pharmaceutical composition comprising the steps of the method of the invention 
for identifying, characterizing and/or screening of molecules which are capable 
of interacting with seven-transmembrane receptors, like GPCRs, and further 
comprising a step, wherein a derivative of said identified, characterized and/or 
screened molecule is generated. Such a derivative may be generated by, inter 
alia, peptidomimetics. 

The invention furthermore relates to a method for the production of a 
pharmaceutical composition comprising the steps of the method of the invention 
for identifying, characterizing, screening and/or derivatizing of molecules which 
are capable of interacting with seven-transmembrane receptors, like GPCRs 
and formulating the molecules identified, characterized, screened and/or 
derivatized in pharmaceutically acceptable form. 

In a preferred embodiment, the response or energy changes to be measured in 
the methods provided herein correspond to an increase or a decrease of 
fluorescence resonance energy transfer (FRET). 
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In FRET, both donor and acceptor, i.e. both detection portions, are fluorescent protein 
portions and, for measuring FRET, the Hision protein is supplied with energy, i.e. 
radiation, appropriate for exciting energy emission by the first detection portion. 
Accordingly, it is a preferred embodiment of the recombinant seven-transmembrane 
protein of the present invention, that the first detection label is a fluorescent protein 
portion. 

The efficiency of FRET is dependent on the distance between the two fluorescent 
partners. The mathematical formula describing FRET is the following: E = 
Ro^CRo^r 6 ), where E is the efficiency of FRET, r is the actual distance between 
the fluorescent partners, and Ro is the Forster distance at which FRET is 50% of 
the maximal FRET value which is possible for a given pair of FRET partners. R 0 , 
which can be determined experimentally, is dependent on the relative orientation 
between the fluorescent partners (k), refractive index of the media (n), integral 
overlap of the emission of the donor with the excitation of the acceptor partner 
(J(A,)), and the quantum yield of the fluorescent donor partner (Q D ) (Ro 6 = 8.79X10" 
^[K^n^QoJ^)] (in cm 6 )). In classical FRET based applications the orientation factor 
k 2 is assumed to equal 2/3, which is the value for donors and acceptors that 
randomize by rotational diffusion prior to energy transfer (Lakovicz, Principles of 
Fluorescence spectroscopy, second edition, page 370). Thus, at randomized 
rotational diffusion, the change in ratio is assumed to be only due to a change in 
distance between the chromophores. For perpendicular dipoles i^is 0. 
In accordance with the appended examples, a decrease in FRET-signal can be 
determined by the following equation: r(0 = ^*(l-<r' /r ), where x is the time 

constant (s) and A is the magnitude of the signal. When necessary for calculating 
t, agonist-independent changes in FRET due to photobleaching were subtracted. 
In order to apply FRET for detection of agonists, antagonists, partial agonists and 
partial antagonists as well as inverse agonists, the person skilled in the art is 
capable of selecting suitable detection labels (defined above) for the seven- 
transmembrane protein of the invention that show a detectable FRET and a 
detectable change of FRET upon a conformational change in its structure. 
Preferably, maximum FRET efficiency is at least 5%, more preferably at least 50% 
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and most preferably 80% of the energy released by the first detection label upon 
excitation. Additionally, the two detection labels need to have a spectral overlap. 
The greater the overlap of the emission spectrum of the donor with the absorption 
spectrum of the acceptor, the higher is the value of Ro. Acceptors with larger 
extinction coefficients lead to higher Ro values. In contrast, the overlap in 
excitation spectra of both detection portions should be small enough to prevent 
coexcitation of the acceptor chromophore. Likewise, the spectra of both detection 
portions should only overlap to an extent that discrimination between the two 
emission signals is still possible. 

As detailed in the appended examples, in a particularly preferred embodiment, the 
first detection portion is cyan fluorescent protein (CFP) and the second detection 
portion is enhanced yellow fluorescent protein (eYFP). 

It has been shown that CFP and YFP are particularly well suited for the recombinant 
membrane protein of the present invention since they show an efficient change in 
FRET. CFP and eYFP are well known in the art and nucleic acid molecules containing 
corresponding coding sequences are commercially available e.g. from Clonetech. 
Said nucleic acid sequences are also shown in appended SEQ ID NOS: 7 to 10. 

In a further preferred embodiment of the present invention the methods provided 
herein are based on the detection of responses or energy changes which 
comprise an increase or a decrease of bioluminescent resonance energy transfer 
(BRET). BRET-technology is very well known in the art and, inter alia, described 
in Angars, (2000) PNAS 97, 3684-3689; in Mercier (2002), JBC 277, 44925- 
44931; in Barcock, (2003), JBC 278, 3378-3385 or in WO 99/66324. As pointed 
out herein above a preferred bioluminescent protein is renilla luciferase but also 
firefly luciferase may be employed. As a preferred fluorescent protein portion in 
the recombinant seven-transmembrane receptor of the present invention 
comprising renilla luciferase as a first detection system, enhanced yellow 
fluorescent protein or yellow fluorescent protein may be employed. 
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In accordance with the methods provided herein in a most preferred embodiment, 
the recombinant seven-transmembrane protein of the present invention is located, 
respectively inserted, into a biological membrane. Most preferably, said biological 
membrane is a plasma membrane of a cultured cell or is a membrane in (a) cell(s) 
of an organ or tissue of a non-human transgenic animal expressing the 
recombinant seven-transmembrane protein of the present invention. Further 
embodiments of the remaining and/or identification methods of the present 
invention are given and illustrated in the appended examples. It is of note that in 
context of the present invention several control as already briefly discussed herein 
above may be employed. For example, recombinant seven-transmembrane 
proteins comprising only one detectable label may be used as controls. Such 
recombinant protein will not provide for any change in energy emitted or to a 
detectable response which may be measured. Accordingly, the test molecules or 
test compounds or samples comprised either alone or in combination such 
molecules or compounds may be tested in parallel experiment on recombinant 
seven-transmembrane proteins of the present invention, capable of eliciting a 
distinct response upon conformational change and recombinant seven- 
transmembrane receptors which only comprise one of the above-identified 
detectable labels and are, accordingly, not capable of eliciting a corresponding 
signal, in particular of eliciting an resonance energy transfer. Another control 
protein to be employed in accordance with the method of the present invention is 
the recombinant seven-transmembrane receptor protein which comprises both 
detectable labels on the C-terminus. Such a control protein is, inter alia, illustrated 
in appended SEQ ID NO: 38 and was employed in accordance with this invention 
in the appended examples. This control molecule leads to strong resonance 
energy transfer. However, upon testing with corresponding ligands, specific for the 
seven-transmembrane receptor to be tested no further chain of the RET is 
expected. For example, the here defined control for a PTH receptor comprising 
both detectable labels in the carboxy terminal provides for a strong FRET signal 
which des not change when the corresponding ligand, namely parathyroid 
hormone is applied. 
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The invention also provides for a diagnostic composition comprising the 
recombinant membrane protein, the nucleic acid molecule, the vector, the host 
cell or the organs or cells of the non-human transgenic animal of the invention. 
Such a diagnostic composition is particularly useful in the methods of the present 
invention. Similarly, kits are provided which comprise the compounds of the 
invention, in particular, the recombinant membrane protein, the nucleic acid 
molecule, the vector, the host cell or the organs or cells of the non-human 
transgenic animal of the invention. 

Finally, the invention relates to the use of the recombinant membrane protein or 
the nucleic acid molecule, the vector, the host cell or the organs or cells of the 
non-human transgenic animal of the invention for the detection of (a) modifiers) of 
the biological activity of seven-transmembrane receptors in vivo or in vitro. 
The embodiments of the method(s) of the invention apply here mutatis mutantis. 

The Figures show: 

Figure 1 Part 1: FRET efficiency and time-resolved changes in the FRET signal 
of PTHR-cam. (A) Overall transmembrane topology of the GPCR-cam constructs. 
(B) Fluorescence emission spectra of selected PTHR constructs. Shown are the 
emission spectra of PTHR-CFP^oop (blue), PTHR-YFPc-term (yellow) and PTHR- 
cam (red) upon excitation at 433 nm. (C) Effects of photobleaching. Emission 
intensities of YFP (535 nm, yellow) and CFP (480 nm, blue) were recorded 
simultaneously from single cells expressing PTHR-cam using fluorescence 
microscopy. Emission intensities were recorded before and after the acceptor 
fluorophore was photobleached by 5 min exposure to light at 480 nm. (D) Time- 
resolved changes in the ratio F* 53 5/F*48o in single HEK293 cells stably expressing 
PTHR-cam. Emission intensities of YFP (535 nm, yellow), CFP (480 nm, blue) 
and the ratio F*535/F* 48 o (red) were recorded simultaneously from single cells. 
Shown are the changes induced by rapid superfusion with 1 u.M PTH (arrow). The 
decrease of the ratio F* 535 /F*48o was fitted by a simple mono-exponential curve 
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giving a time-constant in this experiment of 3.5 s. Changes in the ratio are 
expressed as % decrease from the initial value at t= 0s. 

Figure 1, Part 2: Guanine nucleotide sensitivity of agonist binding at the (X2aAR- 
cam stably expressed in HEK-293 cells. In the presence of exogenous G 0 protein 
(at a molar ratio 1:100, receptor:G 0 ) the binding affinity for the (X2aAR agonist 
UK1 4,304 for membranes containing ofcAAR-cam decreases «3-fold in presence of 
10 piM GTP7S (K d =3.4±0.8 nM vs Kd=9.6±1.1 nM, n=3) reflecting the shift of the 
receptor population to a lower affinity state. 

Figure 2: Pharmacological properties of the GPCR-cam constructs. 
(A-B) Comparison between the binding and signalling properties of PTHR-cam 
(A), a2A-AR-cam (B) and their respective wild type receptor stably expressed in 
HEK293 cells. The expression level of the receptors were 1.01x10 6 and 0.34x10 6 
receptors/cells for PTHR and PTHR-cam, respectively; 24 and 6 pmol/mg for 
o&2aAR and a2AAR-cam, respectively. The data are the means±S.E. of at least 4 
separate experiments carried out in duplicate. (C) Visualization PTHR-cam stably 
expressed in HEK293 cells by confocal microscopy. 

Figure 3: Agonist-induced decrease in FRET signal corresponds to receptor 
activation. (A) Intact cell panel shows the effects of the agonist PTH (1 jj,M) and 
the antagonist PTH(7-34) (3|llM) on the ratio F* 5 35/F*480 of PTHR-cam in intact 
HEK293 cells. Membranes panel shows the effects of PTH (1 p,M) in cell 
membranes prepared from HEK293 cells stably expressing PTHR-cam. The 
membranes were measured either without further treatment (left), or after 
treatment with 6 M urea (right). Bars represent the % decrease in the ratio 
F*535/F*48o upon PTH exposure. (B) Effect of the antagonist phentolamine (10 fiM) 
on the FRET signal caused by 10 [iM noradrenaline (NA) in HEK293 cells stably 
expressing a^AR-cam (n=4). (C) Comparison of the guanine nucleotide 
sensitivity of the FRET signal (left panel) and agonist binding (right panel) evoked 
by sub-saturating concentration of UK14304 in membranes containing a2AAR-cam 
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in the presence of G 0 proteins (ratio receptor:G 0 1:100) with or without GTP-yS (10 
uM). Data are the means±S.E. of at least 4 separate experiments. 

Figure 4: Action of the partial agonist clonidine on GfeAAR-cam. Changes in FRET 
in response to 10 u.M noradrenaline (NA) or 10 u.M clonidine added alone or 
together were recorded in a single HEK293 cell expressing a2AAR-cam. The 
recording is representative of 4 independent experiments. 

Figure 5: Comparison between the dynamics of receptor activation and 
desensitization of PTHR-cam. The kinetics of activation of PTHR-cam and of fi- 
arrestin2-YFP binding to the PTHR-CFPc-term were measured as changes in the 
ratio F* 535 /F*48o in single cells expressing PTHR-cam or co-expressing PTHR- 
CFPc-term and IJ-arrestin2-YFP in response to 100 nM PTH. The recordings are 
expressed as % of the respective maximal response and are representative of at 
least 3 independent experiments. Note that in the case of PTHR-CFPc-term/G- 
arrestin2-YFP the ratio F* 53 5/F*4 8 o does indeed increase, while in the PTHR-cam 
the ratio decreases and is depicted as a positive signal just to facilitate the 
comparison of the kinetics. The inset represents a time scale expansion to 
illustrate the differences in response delays. 

Figure 6: Dynamics of agonist-mediated receptor conformational change. (A) 
Time-resolved changes in the ratio F* 5 3s/F*48o of the PTHR-cam {left panel) and 
a2AAR-cam (right panel) expressed in HEK293 cells at various concentrations of 
PTH and norepinephrine, respectively. (B) Relationship between the apparent 
rate constant, kobs and agonist concentration. Iwvalues were also obtained from 
fitting the kinetic data of Figure 6A with a mono-exponential equation. At low 
concentrations of agonist, Iwvalues were directly proportional to the agonist- 
concentration, whereas at higher concentrations of agonist the values approached 
a maximal value of about 1 s" 1 and 26 s -1 for PTHR-cam and a^AR-cam, 
respectively. Note that the kobs values depicted in Fig. 6B saturated at much 
higher ligand concentrations than the binding data shown in Fig. 2. This is due to 
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the fact that the kobs values are not measured at equilibrium. Data indicate the 
mean±SEM of at least 7 separate experiments. 

Figure 7: Specific labelling of proteins containing the CCPGCC motif. Three 
individual constructs were transiently transfected into HeLa cells and incubated 
with FIAsH as described in the general methods. Only the constructs A2A-CFP- 
ModelPG-C49 (SEQ ID NOS: 43 and 44) and A2A-FIAsHPG-CFP-C49 (SEQ ID 
NOS: 39 and 40) contain the CCPGCC motif to specifically bind FIAsH while the 
construct A2A-CFP-C49 (SEQ ID NOS: 45 and 46) does not contain the binding 
motif for FIAsH. Fluorescence was measured by confocal microscopy. Cells were 
visualized twice under different excitation conditions. The top row shows the 
fluorescence of the cells when excited at 430 nm (excitation wavelength of CFP) 
and fluorescence was collected from 460-550 nm. The observed fluorescence 
reflects the fluorescence of CFP. The lower row shows the same cells when 
excited at 514 nm (excitation wavelength of FIAsH) and fluorescence was 
collected from 530-580 nm. For the constructs A2A-CFP-ModelPG-CFP-C49 
(SEQ ID NOS: 43 and 44) and A2A-FIAsHPG-CFP-C49 (SEQ ID NOS: 39 and 40) 
a strong yellow fluorescence is observed that co-localises with the CFP- 
Fluorescence seen in the top row, while no such intense fluorescence is visible for 
the construct A2A-CFP-C49 (SEQ ID NOS: 45 and 46). 

Figure 8A and B: Time resolved changes in the FRET ratio (535nm/480nm) in a 
single HeLa cell transiently transfected with A2A-CFP-C49 (SEQ ID NOS: 45 and 
46). Emission intensities of FIAsH (535 nm, red), CFP (480nm, blue), and the ratio 
(535nm/480nm, black) were recorded simultaneously from single cells. No change 
is observed upon rapid superfusion of 100 u.M adenosine (black bar) since this 
construct does not specifically bind FIAsH. The timescales reflect the time points 
of the actual experiment. 

Figure 9A and B: Time resolved changes in the FRET ratio (535nm/480nm) in a 
single HeLa cell transiently, transfected with A2A-CFP-ModelPG-C49 (SEQ ID 
NOS: 43 and 44). Emission intensities of FIAsH (535 nm, red), CFP (480nm, 
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blue), and the ratio (535nm/480nm, black) were recorded simultaneously from 
single cells. No change is observed upon rapid superfusion of 100 uM adenosine 
(black bar). As shown in figure 7 this construct does specifically bind FIAsH 
however, since both fluorophores are connected, it can not undergo an agonist 
dependent change in the FRET signal. The timescales reflect the time points of 
the actual experiment. 

Figure 10A and B: Time resolved changes in the FRET ratio (535nm/480nm) in a 
single HeLa cell transiently transfected with A2A-FIAsHPG-CFP-C49 (SEQ ID 
NOS: 39 and 40). Emission intensities of FIAsH (535 nm, red), CFP (480nm, 
blue), and the ratio (535nm/480nm, black) were recorded simultaneously from 
single cells. A strong and rapid signal change is observed upon rapid superfusion 
of 100 n-M adenosine (black bar). As shown in figure 7 this construct does 
specifically bind FIAsH and as seen here can undergo an agonist dependent 
change in the FRET signal. The change of the signal is about 10% of the total 
signal. The decrease of the FRET ratio (535nm/480nm) was fitted by a simple 
mono-exponential curve giving a time constant in the experiment of 60 msec. The 
timescales reflect the time points of the actual experiment. 

Figure 11: Time resolved changes in the FRET ratio (535nm/480nm) in a single 
HeLa cell transiently transfected with A2A-FIAsHPG-CFP-C33 (SEQ ID NOS: 41 
and 42). The fluorescence ration of FIAsH and CFP was recorded from single 
cells. A strong and rapid signal change is observed upon rapid superfusion of 100 
\iM adenosine (black bar). This construct is similar to the A2A-"chameleon" (SEQ 
ID NOS: 15 and 16) with respect to the relative positions of the fluorophores. As 
seen here the receptor can undergo an agonist dependent change in the FRET 
signal. The change of the signal is about 10% of the total signal. The timescales 
reflect the time points of the actual experiment. 

Figure 12: Pharmacological properties of the Adenosine receptor constructs. 
A-B) Comparison between the binding (A) and signalling properties (B) of several 
adenosine receptor constructs with their respective wild-type receptor in 
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transiently transfected COS cells. Adenylylcyclases activity was determined in 
membranes from transiently transfected COS cells as previously published 
(Jakobs et al., J cyclic Nucleotide Res 2 (1976) 381-392, Klotz et al., Naunyn- 
Schmiedeberg's Arch Pharmacol 357 (1998) 1-9). For binding of the radioligand 
3 H-NECA no significant difference was observed between wild-type A2A recptors 
at the different receptor constructs. The signalling properties of the FIAsH 
constructs (SEQ ID NOS: 39 and 40, as well as 41 and 42) were almost identical 
to the wild-type A2A receptor (SEQ ID NOS: 5 and 6), whereas with respect to 
functional response the A2A-"chameleon" receptor (SEQ ID NOS: 15 and 16) is 
shifted significantly to the right. Data are the mean ± sd of at least 3 separate 
experiments. 

Figure 13: The percent change of the FRET signal is concentration dependent of 
the agonist. 

The changes of the FRET ratio (535nm/480nm) in a single HeLa cell transiently 
transfected with A2A-FIAsHPG-CFP-C49 (SEQ ID NOS: 39 and 40) were 
measured in dependence of the agonist concentration. Changes of the FRET 
signal during superfusion with agonist solutions were calculated as percent of the 
maximal change occurring upon stimulation with 100 u.M adenosine. The results 
were plotted against agonist concentration. The figure clearly demonstrates a 
concentration dependent effect on the FRET signal 

Figure 14: Different conformational changes in GPCR in response to agonist and 
inverse agonists. The oc2AAR-cam receptors were stably expressed in the neuronal 
cell line PC-12. A single cell was excited at 436 nm using a monochromator and 
fluorescence was detected simultaneously at 480 nm (CFP) and 535 nm (YFP). 
The signals were recorded before and after exposure to agonist (NA: 
noradrenaline, 100 uM) and two different inverse agonists (Yoh: yohimbine and 
Rauxauwolscine, 100 uM). 



The examples illustrate the invention. 
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Example I: Experimental protocol and sequences encoding membrane 
receptors of the invention 

Molecular biology and cell culture. Site-directed mutagenesis was performed 
on the human PTH/PTHrP receptor (PTHR) and the mouse a2A-adrenergic 
receptor cDNAs. The cDNAs encoding the enhanced yellow- and cyan fluorescent 
protein (YFP and CFP) were fused to position G418 of the COOH-terminus of the 
PTHR and inserted between Gly395 and Arg396 into the third intracellular loop of 
the PTHR, respectively. For the cc2A-adrenergic receptor, YFP was inserted in the 
third intracellular loop between Ala250 and Ser371, and CFP was fused to Val461 
in the C-terminus. Constructions were performed by polymerase chain reactions 
as described (Vilardaga, Biotechniques 18 (1995), 605-606). B-Arrestin2-YFP was 
constructed following the procedure described for the construction of arrestin3- 
GFP (Groarke, J. Biol. Chem. 274 (1999), 23263-23269). Constructions were 
verified by sequencing. Receptor cDNAs were cloned into pCDNA3 (Invitrogen) 
for transient and stable expression in mammalian cells. HEK293, CHO and PC12 
cell lines served as the expression systems for the wild-type and chimeric 
receptors. The procedure for the selection of stable cell line has been previously 
described (Vilardaga, J. Biol. Chem. 276 (2001), 33435-33443). 

Pharmacology. Ligand binding, receptor number determination, cAMP assays, 
measurement of a2A-adrenergic receptor-activated GIRK currents and 
reconstitution of receptor-G 0 coupling were measured as previously described 
(Vilardaga, (2001) loc. cit.; Biinemann, J. Bio.. Chem. 276 (2001), 47512-47517; 
Vilardaga, J. Biol. Chem. 277 (2002), 8121-8129; Richardson, J. Biol. Chem. 274 
(1999), 13525-13533). Saturation and competition binding studies were analysed 
with the program Prism to calculate K D - and Kj-values. 

Electrophysiology. Whole cell GIRK currents were measured in HEK293 cells 
stably expressing 6 pmol/mg membrane protein oi2A-AR-cam 20-28h after 
transient transfection with GIRK1 and GIRK4 as described previously (BQnemann, 
(2001), loc. cit). Membrane currents were recorded using an EPC 9 amplifier and 
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Pulse software (HEKA Instruments) for voltage control, data acquisition and data 
evaluation. Experimental conditions such as patch pipettes, internal and external 
solutions, voltage-clamp protocol as well as the superfusion system were the 
same as described previously (Bunemann, (2001), loc. cit.). 

Fluorescence measurements. Cells were washed with PBS, scraped from the 
plate and resuspended in buffer A (137 mM NaCI, 5 mM KCI, 1 mM CaCI 2 , 1 mM 
MgCI 2 , 20 mM Hepes, 0.1% BSA, pH 7.4) at a density of *10 7 cells/ml. Steady- 
state fluorescence emission spectra of the cells suspension were measured with a 
spectrofluorimeter (Perkin-Elmer) in cuvettes containing HEK293 cells expressing 
the indicated receptors, and were normalized to the respective maxima for PTHR- 
CFPwoop and PTHR-cam. PTHR-YFPc-term was normalized relative to the maximal 
response upon exposure to 480 nm light. 

FRET measurements. Ceils grown on coverslips were maintained in buffer A at 
room temperature and placed on a Zeiss inverted microscope (Axiovertl 35) 
equipped with an oil immersion 63x objective and a dual emission photometric 
system (Till Photonics). Samples were excited with light from a polychrome IV (Till 
Photonics). In order to minimize photobleaching, the illumination time was set to 5 
ms applied with a frequency between 1 and 75 Hz dependent on agonist 
concentration. FRET was monitored as the emission ratio of YFP to CFP, 
F535/F480. where F 535 and F480 are the emission intensities at 535+15 nm and 
480±20 nm (beam splitter DCLP 505nm) upon excitation at 436+10 nm (beam 
splitter DCLP 460 nm). The emission ratio was corrected by the respective spill- 
over of CFP into the 535 nm channel (spill-over of YFP into the 480 nm channel 
was negligible) to give a corrected ratio F*53s/F*48o- FRET between CFP and YFP 
in cells stably expressing the receptor constructs was also determined by donor 
recovery after acceptor bleaching. The increase in emission at 480nm was 50+2% 
after >80% bleaching of YFP (induced by 3-5 min continuous illumination with 
480±15nm). To determine agonist-induced changes in FRET, cells were 
continously superfused with buffer A and agonist was applied using a computer 
assisted solenoid valve controlled rapid superfusion device ALA-VM8, ALA 
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Scientific Instruments (solution exchange 5 to 10 ms). Signals detected by 
avalanche photodiodes were digitalized using a AD converter (Digidata1322A, 
Axon Instruments) and stored on PC using Clampex 8.1 software (Axon 
Instruments). The decrease in FRET ratio was fitted to the equation: 
r(t) = Ax(L-e~ t,T y where t is the time constant (s) and A is the magnitude of the 

signal. When necessary for calculating t, agonist-independent changes in FRET 
due to photobleaching were subtracted. 

Membrane preparation. Membrane fractions were obtained after two 
centrifugations at 4°C, first at 800xg for 10 min and the second at 100,000xg for 
30 min. Membranes were treated with 6 M urea in 20 mM Hepes, pH 7.4, for 30 
min on ice followed by centrifugation at 100,000xg for 15 min. After two washing 
steps at 4°C in buffer B the membranes were resuspended in a buffer A (without 
BSA) and immediately used in the experiments. 20 fjJ aliquots of membranes were 
subjected to fluorescence microscopy similar to intact cells using a 20x objective. 

The following sequences and constructs have been employed in course of 
the following experiments: 

SEQ ID NO: 1: wildtype Mouse alpha2a adenergic receptor cDNA sequence: 

Genbank M99377 (corresponding to human, alpha 2A:Genbank: NMJ000681) 

ATGGGCTACCCATACGACGTCCCAGACTACGCCAGCATGGGCTCACTGCAG 

CCGGATGCCGGCAACAGCAGCTGGAACGGGACCGAAGCGCCCGGAGGCG 

GCACCCGAGCCACCCCTTACTCCCTGCAGGTGACACTGACGCTGGTTTGCC 

TGGCTGGCCTGCTCATGCTGTTCACAGTATTTGGCAACGTGCTGGTTATTAT 

CGCGGTGTTCACCAGTCGCGCGCTCAAAGCTCCCCAAAACCTCTTCCTGGT 

GTCCCTGGCCTCAGCGGACATCCTGGTGGCCACGCTGGTCATTCCCTTTTCT 

TTGGCCAACGAGGTTATGGGTTACTGGTACTTTGGTAAGGTGTGGTGTGAGA 

TCTATTTGGCTCTCGACGTGCTCTTTTGCACGTCGTCCATAGTGCACCTGTG 

CGCCATCAGCCTTGACCGCTACTGGTCCATCACGCAGGCCATCGAGTACAA 

CCTGAAGCGCACGCCGCGTCGCATCAAGGCCATCATTGTCACCGTGTGGGT 
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CATCTCGGCTGTCATCTCCTTCCCGCCACTCATCTCCATAGAGAAGAAGACC 

AGAAGTGGTATGTCATCTCCTCGTCCATCGGTTCCTTCTTCGCGCCTTGCCT 

CATCATGATCCTGGTCTACGTGCGTATTTACCAGATCGCCAAGCGTCGCACC 

CGCGTGCCTCCCAGCCGCCGGGGTCCGGACGCCTGTTCCGCGCCGCCGGG 

GGGCGCCGATCGCAGGCCCAACGGGCTGGGCCCGGAGCGCGGCGCGGGT 

CCCACGGGCGCTGAGGCGGAGCCGCTGCCCACCCAGCTTAACGGTGCCCC 

GGGGGAGCCCGCGCCCGCCGGGCCCCGCGATGGGGATGCGCTGGACCTA 

GAGGAGAGTTCGTCGTCCGAGCACGCCGAGCGGCCCCCGGGGCCCCGCAG 

ACCCGACCGCGGCCCCCGAGCCAAGGGCAAGACCCGGGCGAGTCAGGTGA 

AGCCGGGGGACAGTCTGCCGCGGCGCGGGCCCGGGGCCGCGGGGCCGG 

GGGCTTCGGGGTCCGGGCACGGAGAGGAGCGCGGCGGGGGCGCCAAAGC 

GTCGCGCTGGCGCGGGAGGCAAAACCGGGAGAAACGCTTCACGTTCGTGC 

TGGCGGTGGTGATCGGCGTGTTCGTGGTGTGTTGGTTTCCGTTC I I I I I CAC 

CTACACGCTCATAGCGGTCGGCTGCCCGGTGCCCAGCCAGCTCTTCAACTT 

CTTCTTCTGGTTCGGCTACTGCAACAGCTCGCTGAACCCTGTTATCTACACC 

ATCTTCAACCACGACTTCCGACGCGCCTTCAAGAAGATCCTCTGCCGTGGGG 

ACAGAAAACGCATCGTGTGA TTC AAC CAC GAC TTC CGA CGC GCC TTC 

AAG AAG ATC CTC TGC CGT GGG GAC AGA AAA CGC ATC GTG TGA 

SEQ ID NO: 2: wildtype Mouse alpha2a adenergic receptor amino acid 
sequence: 

MGYPYDVPDYASMGSLQPDAGNSSWNGTEAPGGGTRATPYSLQVTLTLVCLA 

GLLMLFTVFGNVLVIIAVFTSRALKAPQNLFLVSLASADILVATLVIPFSLANEVMG 

YWYFGKVWCEIYLALDVLFCTSSIVHLCAISLDRYWSITQAIEYNLKRTPRRIKAIIV 

TVWVISAVISFPPLISIEKKGAGGGQQPAEPSCKINDQKWYVISSSIGSFFAPCLIM 

ILVYVRIYQIAKRRTRVPPSRRGPDACSAPPGGADRRPNGLGPERGAGPTGAEA 

EPLPTQLNGAPGEPAPAGPRDGDALDLEESSSSEHAERPPGPRRPDRGPRAKG 

KTRASQVKPGDSLPRRGPGAAGPGASGSGHGEERGGGAKASRWRGRQNREK 

RFTFVLAWIGVFWCWFPFFFTYTLIAVGCPVPSQLFNFFFWFGYCNSSLNPVIY 

TIFNHDFRRAFKKILCRGDRKRIV 
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SEQ ID NO: 3: wildtype Human PTH/PTHrP receptor cDNA sequence: 

Genbank: U22401 (corresponding to mouse PTH/PTHrP receptor: NM_011199) 

ATGGGGACCGCCCGGATCGCACCCGGCCTGGCGCTCCTGCTCTGCTGCCC 
CGTGCTCAGCTCCGCGTACGCGCTGGTGGA 

TGCAGATGACGTCATGACTAAAGAGGAACAGATCTTCCTGCTGCACCGTGCT 
CAGGCCCAGTGCGAAAAACGGCTCAAGG 

AGGTCCTGCAGAGGCCAGCCAGCATAATGGAATCAGACAAGGGATGGACAT 
CTGCGTCCACATCAGGGAAGCCCAGGAAA 

GATAAGGCATCTGGGAAGCTCTACCCTGAGTCTGAGGAGGACAAGGAGGCA 
CCCACTGGCAGCAGGTACCGAGGGCGCCC 

CTGTCTGCCGGAATGGGACCACATCCTGTGCTGGCCGCTGGGGGCACCAG 
GTGAGGTGGTGGCTGTGCCCTGTCCGGACT 

ACATTTATGACTTCAATCACAAAGGCCATGCCTACCGACGCTGTGACCGCAA 
TGGCAGCTGGGAGCTGGTGCCTGGGCAC 

AACAGGACGTGGGCCAAGTACAGCGAGTGTGTCAAATTTCTCACCAATGAGA 
CTCGTGAACGGGAGGTGTTTGACCGCCT 

GGGCATGATTTACACCGTGGGCTACTCCGTGTCCCTGGCGTCCCTCACCGT 
AGCTGTGCTCATCCTGGCCTACTTTAGGC 

GGCTGCACTGCACGCGCAACTACATCCACATGCACCTGTTCCTGTCCTTCAT 
GCTGCGCGCCGTGAGCATCTTCGTCAAG 

GACGCTGTGCTCTACTCTGGCGCCACGCTTGATGAGGCTGAGCGCCTCACC 
GAGGAGGAGCTGCGCGCCATCGCCCAGGC 

GCCCCCGCCGCCTGCCACCGCCGCTGCCGGCTACGCGGGCTGCAGGGTG 
GCTGTGACCTTCTTCCTTTACTTCCTGGCCA 

CCAACTACTACTGGATTCTGGTGGAGGGGCTGTACCTGCACAGCCTCATCTT 
CATGGCCTTCTTCTCAGAGAAGAAGTAC 

CTGTGGGGCTTCACAGTCTTCGGCTGGGGTCTGCCCGCTGTCTTCGTGGCT 
GTGTGGGTCAGTGTCAGAGCTACCCTGGC 

CAACACCGGGTGCTGGGACTTGAGCTCCGGGAACAAAAAGTGGATCATCCA 
GGTGCCCATCCTGGCCTCCATTGTGCTCA . 
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ACTTCATCCTCTTCATCAATATCGTCCGGGTGCTCGCCACCAAGCTGCGGGA 
GACCAACGCCGGCCGGTGTGACACACGG 

CAGCAGTACCGGAAGCTGCTCAAATCCACGCTGGTGCTCATGCCCCTCTTTG 
GCGTCCACTACATTGTCTTCATGGCCAC 

ACCATACACCGAGGTCTCAGGGACGCTCTGGCAAGTCCAGATGCACTATGA 
GATGCTCTTCAACTCCTTCCAGGGATTTT 

TTGTCGCAATCATATACTGTTTCTGCAATGGCGAGGTACAAGCTGAGATCAA 
GAAATCTTGGAGCCGCTGGACACTGGCA 

CTGGACTTCAAGCGAAAGGCACGCAGCGGGAGCAGCAGCTATAGCTACGGC 
CCCATGGTGTCCCACACAAGTGTGACCAA 

TGTCGGCCCCCGTGTGGGACTCGGCCTGCCCCTCAGCCCCCGCCTACTGC 
CCACTGCCACCACCAACGGCCACCCTCAGC 

TGCCTGGCCATGCCAAGCCAGGGACCCCAGCCCTGGAGACCCTCGAGACC 
ACACCACCTGCCATGGCTGCTCCCAAGGAC 

GATGGGTTCCTCAACGGCTCCTGCTCAGGCCTGGACGAGGAGGCCTCTGGG 

CCTGAGCGGCCACCTGCCCTGCTACAGGA 

AGAGTGGGAGACAGTCATGTGATGA 

SEQ ID NO: 4: wildtype Human PTH/PTHrP receptor amino acid sequence: 

MGTARIAPGLALLLCCPVLSSAYALVDADDVMTKEEQIFLLHRAQAQCEKRLKEV 
LQRPASIMESDKGWTSASTSGKPRK 

DKASGKLYPESEEDKEAPTGSRYRGRPCLPEWDHILCWPLGAPGEWAVPCPD 
YIYDFNHKGHAYRRCDRNGSWELVPGH 

NRTWANYSECVKFLTNETREREVFDRLGMIYTVGYSVSLASLTVAVLILAYFRRL 
HCTRNYIHMHLFLSFMLRAVSIFVK 

DAVLYSGATLDEAERLTEEELRAIAQAPPPPATAAAGYAGCRVAVTFFLYFLATN 
YYWILVEGLYLHSLIFMAFFSEKKY 

LWGFTVFGWGLPAVFVANA^VSVRATLANTGCWDLSSGNKKWIIQVPILASIVLN 
FILFINIVRVLATKLRETNAGRCDTR 

QQYRKLLKSTLVLMPLFGVHYIVFMATPYTEVSGTLWQVQMHYEMLFNSFQGFF 
VAIIYCFCNGEVQAEIKKSWSRWTLA 
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LDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLGLPLSPRLLPTATTNGHPQL 

PGHAKPGTPALETLETTPPAMAAPKD 
DGFLNGSCSGLDEEASGPERPPALLQEEWETVM 

SEQ ID NO: 5: wildtype A2A adenosine receptor (human) cDNA: Genbank: 
M97370 (corresponding to mouse: XM 125720) 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTGCT 

GTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTCAAC 

AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCC 

GACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACC 

GGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTG 

GTCCTCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCT 

ACATTGCCATCCGCATCCCGCTCCGGTACAATGGCTTGGTGACCGGCACGA 

GGGCTAAGGGCATCATTGCCATCTGCTGGGTGCTGTCGTTTGCCATCGGCC 

TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAAGGAGGGCAAGA 

ACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTCTCTTTGAGGATG 

TGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTCCTGTGTGCTGGTGC 

CCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCGAC 

GACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCACGG 

TCCACACTGCAGAAGGAGGTCCATGCTGCCAAGtCACTGGCCATCATTGTG 

GGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACTT 

TCTTCTGCCCCGACTGCAGCCACGCCCCTCTCTGGCTCATGTACCTGGCCAT 

CGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGT 

ATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTCCTG 

AGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTGGCA 

GCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGCCACCCG 

CCAGGAGTGTGGGCCAACGGCAGTGCTCCCCACCCTGAGCGGAGGCCCAA 

TGGCTATGCCCTGGGGCTGGTGAGTGGAGGGAGTGCCCAAGAGTCCCAGG 

GGAACACGGGCCTCCCAGACGTGGAGCTCCTTAGCCATGAGCTCAAGGGAG 

TGTGCCCAGAGCCCCCTGGCCTAGATGACCCCCTGGCCCAGGATGGAGCA 

GGAGTGTCCTGA 
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SEQ ID NO: 6: wildtype A2A adenosine receptor (human) amino acid 
sequence 

MPIMGSSWIWEL^IAVLAILGNVLVCWAVWLNSNLQNVTNYi=VSLAAADIAVGV 

LAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

VPMNYMVYFNFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTL 

QKEVHAAKSLAHVGLFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSV 

VNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLR 

LNGHPPGVWANGSAPHPERRPNGYALGLVSGGSAQESQGNTGLPDVELLSHE 

LKG 

The following fluorophore sequences have been employed in the appended 
examples: 

SEQ ID NO: 7: eCFP (enhanced CFP) cDNA sequence (Clonetech) 

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGT 
CGAGCTGGACGGCGACGTAAACGGCCACAA 

GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGA 
CCCTGAAGTTCATCTGCACCACCGGCAAGC 

TGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTGCAGT 
GCTTCAGCCGCTACCCCGACCACATGAAG 

CAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC 
ACCATCTTCTTCAAGGACGACGGCAACTA 

CAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA 
TCGAGCTGAAGGGCATCGACTTCAAGGAGG 

ACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACATCAGCCACAACG 
TCTATATCACCGCCGACAAGCAGAAGAAC 

GGCATCAAGGCCAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG 
CAGCTCGCCGACCACTACCAGCAGAACAC 
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CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCAC 
CCAGTCCGCCCTGAGCAAAGACCCCAACG 

AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA 
CTCTCGGCATGGACG AG CTGTACAAGTAA 

SEQ ID NO: 8: eCFP (enhanced CFP) amino acid sequence: 

MVSKGEELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLP 
VPWPTLVTTLTWGVQCFSRYPDHMK 

QHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDG 
N I LG HKLEYNYISH N VYITADKQKN 

GIKANFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEK 
RDHMVLLEFVTAAGITLGMDELYK 

SEQ ID NO: 9: YFP cDNA sequence: (Clonetech) 

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGT 
CGAGCTGGACGGCGACGTAAACGGCCACAA 

GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGA 
CCCTGAAGTTCATCTGCACCACCGGCAAGC 

TGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGT 
GCTTCGCCCGCTACCCCGACCACATGAAG 

CAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC 
ACCATCTTCTTCAAGGACGACGGCAACTA 

CAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA 
TCGAGCTGAAGGGCATCGACTTCAAGGAGG 

ACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG 
TCTATATCATGGCCGACAAGCAGAAGAAC 

GGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG 
CAGCTCGCCGACCACTACCAGCAGAACAC 

CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCTA 
CCAGTCCGCCCTGAGCAAAGACCCCAACG 
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AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA 
CTCTCGGCATGGACGAGCTGTACAAGTAA 

SEQ ID NO: 10: YFP amino acid sequence: 

MVSKGEELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLP 
VPWPTLVTTFGYGLQCFARYPDHMK 

QHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDG 
NILGHKLEYNYNSHNVYIMADKQKN 

GIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEK 
RDHMVLLEFVTAAGITLGMDELYK 

In the following receptor-cam ("chameleon") sequences the CFP and YFP 
sequences are identified by bold printing: 

SEQ ID NO: 11: alpha2a adrenergic receptor-cam cDNA sequence: 

ATGGGCTACCCATACGACGTCCCAGACTACGCCAGCATGGGCTCACTGCAG 
CCGGATGCCGGCAACAGCAGCTGGAACGG 

GACCGAAGCGCCCGGAGGCGGCACCCGAGCCACCCCTTACTCCCTGCAGG 
TGACACTGACGCTGGTTTGCCTGGCTGGCC 

TGCTCATGCTGTTCACAGTATTTGGCAACGTGCTGGTTATTATCGCGGTGTTC 
ACCAGTCGCGCGCTCAAAGCTCCCCAA 

AACCTCTTCCTGGTGTCCCTGGCCTCAGCGGACATCCTGGTGGCCACGCTG 
GTCATTCCCTTTTCTTTGGCCAACGAGGT 

TATGGGTTACTGGTACTTTGGTAAGGTGTGGTGTGAGATCTATTTGGCTCTC 
GACGTGCTCTTTTGCACGTCGTCCATAG 

TGCACCTGTGCGCCATCAGCCTTGACCGCTACTGGTCCATCACGCAGGCCA 
TCGAGTACAACCTGAAGCGCACGCCGCGT 

CGCATCAAGGCCATCATTGTCACCGTGTGGGTCATCTCGGCTGTCATCTCCT 
TCCCGCCACTCATCTCCATAGAGAAGAA 
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GGGCGCTGGCGGCGGGCAGCAGCCGGCCGAGCCAAGCTGCAAGATCAACG 
ACCAGAAGTGGTATGTCATCTCCTCGTCCA 

TCGGTTCCTTCTTCGCGCCTTGCCTCATCATGATCCTGGTCTACGTGCGTATT 
TACCAGATCGCCAAGCGTCGCACCCGC 

GTGCCTCCCAGCCGCCGGGGTCCGGACGCCATGGTGAGCAAGGGCGAGG 
AGCTGTTCACCGGGGTGGTGCCCATCCTGGT 

CGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAG 
GGCGAGGGCGATGCCACCTACGGCAAGCTGA 

CCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACC 
CTCGTGACCACCTTCGGCTACGGCCTGCAG 

TGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCC 
GCCATGCCCGAAGGCTACGTCCAGGAGCG 

CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGA 
AGTTCGAGGGCGACACCCTGGTGAACCGCA 

TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCAC 
AAGCTGGAGTACAACTACAACAGCCACAAC 

GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAA 
GATCCGCCACAACATCGAGGACGGCAGCGT 

GCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCC 
GTGCTGCTGCCCGACAACCACTACCTGAGCT 

ACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTC 
CTGCTGGAGTTCGTGACCGCCGCCGGGATC 

ACTCTCGGCATGGACGAGCTGTACAAG CGCTGGCGCGGGAGGCAAAACCG 
GGAGAAACGCTTCACGTTCGTGCTGGCGGT 

GGTGATCGGCGTGTTCGTGGTGTGTTGGTTTCCGTTCTTTTTCACCTACACG 
CTCATAGCGGTCGGCTGCCCGGTGCCCA 

GCCAGCTCTTCAACTTCTTCTTCTGGTTCGGCTACTGCAACAGCTCGCTGAA 
CCCTGTTATCTACACCATCTTCAACCAC 

GACTTCCGACGCGCCTTCAAGAAGATCCTCTGCCGTGGGGACAGAAAACGC 
ATCGTG ATGGTGAGCAAGGGCGAGGAGCT 

GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACG 
GCCACAAGTTCAGCGTGTCCGGCGAGGGCG 
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AGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC 
GGCAAGCTGCCCGTGCCCTGGCCCACCCTC 

GTGACCACCCTGACCTGGGGCGTGCAGTGCTTCAGCCGCTACCCCGACCA 
CATGAAGCAGCACGACTTCTTCAAGTCCGC 

CATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACG 
GCAACTACAAGACCCGCGCCGAGGTGAAGT 

TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC 
AAGGAGGACGGCAACATCCTGGGGCACAAG 

CTGGAGTACAACTACATCAGCCACAACGTCTATATCACCGCCGACAAGCA 
GAAGAACGGCATCAAGGCCAACTTCAAGAT 

CCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGC 
AGAACACCCCCATCGGCGACGGCCCCGTGC 

TGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGAC 
CCCAACGAGAAGCGCGATCACATGGTCCTG 

CTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTA 
CAAGTAA 

SEQ ID NO: 12: Alpha2a adrenergic receptor-cam "chameleon" amino acid 
sequence: 

MGYPYDVPDYASMGSLQPDAGNSSWNGTEAPGGGTRATPYSLQVTLTLVCLA 
GLLM LFTVFG N VLVI I AVFTSRALKAPQ 

NLFLVSLASADILVATLVIPFSLANEVMGYWYFGKVWCEIYLALDVLFCTSSIVHLC 
AISLDRYWSITQAIEYNLKRTPR 

RIKAIIVTVWVISAVISFPPLISIEKKGAGGGQQPAEPSCKINDQKWYVISSSIGSFF 
APCL I M I LVYVRI YQI AKRRTR 

VPPSRRGPDAMVSKGEELFTGWPILVELDGDVNGHKFSVSGEGEGPATYGKL 
TLKFICTTGKLPVPWPTLVTTFGYGLQ 

CFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVN 
RIELKGIDFKEPGNILGHKLEYNYNSHN 

VYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSY 
QSALSKDPNEKRDHMVLLEFVTAAGI 
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TLGMDELYK RWRGRQNREKRFTFVLAWIGVFWCWFPFFFTYTLIAVGCPVPS 
QLFNFFFWFGYCNSSLNPVIYTIFNH 

DFRRAFKKILCRGDRKRI VMVSKGEELFTGWPILVELDGDVNGHKFSVSGEGE 
GDATYGKLTLKFICTTGKLPVPWPTL 

VTTLTWGVQCFSRYPDHMKQHDFFKSAMPEGYVQERT1FFKPDGNYKTRAEV 
KFEGDTLVNRIELKGIDFKEDGNILGHK 

LEYNYISHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQQNTP1GDGPVLL 

PPNHYLSTQSALSKPPNEKRPHMVL 

LEFVTAAG1TLGMDELYK 

SEQ ID NO: 13: PTH receptor-cam "chameleon" 8 cDNA sequence: 

ATGGGGACCGCCCGGATCGCACCCGGCCTGGCGCTCCTGCTCTGCTGCCC 
CGTGCTCAGCTCCGCGTACGCGCTGGTGGA 

TGCAGATGACGTCATGACTAAAGAGGAACAGATCTTCCTGCTGCACCGTGCT 
CAGGCCCAGTGCGAAAAACGGCTCAAGG 

AGGTCCTGCAGAGGCCAGCCAGCATAATGGAATCAGACAAGGGATGGACAT 
CTGCGTCCACATCAGGGAAGCCCAGGAAA 

GATAAGGCATCTGGGAAGCTCTACCCTGAGTCTGAGGAGGACAAGGAGGCA 
CCCACTGGCAGCAGGTACCGAGGGCGCCC 

CTGTCTGCCGGAATGGGACCACATCCTGTGCTGGCCGCTGGGGGCACCAG 
GTGAGGTGGTGGCTGTGCCCTGTCCGGACT 

ACATTTATGACTTCAATCACAAAGGCCATGCCTACCGACGCTGTGACCGCAA 
TGGCAGCTGGGAGCTGGTGCCTGGGCAC 

AACAGGACGTGGGCCAACTACAGCGAGTGTGTCAAATTTCTCACCAATGAGA 
CTCGTGAACGGGAGGTGTTTGACCGCCT 

GGGCATGATTTACACCGTGGGCTACTCCGTGTCCCTGGCGTCCCTCACCGT 
AGCTGTGCTCATCCTGGCCTACTTTAGGC 

GGCTGCACTGCACGCGCAACTACATCCACATGCACCTGTTCCTGTCCTTCAT 
GCTGCGCGCCGTGAGCATCTTCGTCAAG 

GACGCTGTGCTCTACTCTGGCGCCACGCTTGATGAGGCTGAGCGCCTCACC 
GAGGAGGAGCTGCGCGCCATCGCCCAGGC 
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GCCCCCGCCGCCTGCCACCGCCGCTGCCGGCTACGCGGGCTGCAGGGTG 
GCTGTGACCTTCTTCCTTTACTTCCTGGCCA 

CCAACTACTACTGGATTCTGGTGGAGGGGCTGTACCTGCACAGCCTCATCTT 
CATGGCCTTCTTCTCAGAGAAGAAGTAC 

CTGTGGGGCTTCACAGTCTTCGGCTGGGGTCTGCCCGCTGTCTTCGTGGCT 
GTGTGGGTCAGTGTCAGAGCTACCCTGGC 

CAACACCGGGTGCTGGGACTTGAGCTCCGGGAACAAAAAGTGGATCATCCA 
GGTGCCCATCCTGGCCtCCATTGTGCTCA 

ACTTCATCCTCTTCATCAATATCGTCCGGGTGCTCGCCACCAAGCTGCGGGA 
GACCAACGCCGG CATGGTGAGCAAGGGC 

GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGA 
CGTAAACGGCCACAAGTTCAGCGTGTCCGG 

CGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT 
GCACCACCGGCAAGCTGCCCGTGCCCTGGC 

CCACCCTCGTGACCACCCTGACCTGGGGCGTGCAGTGCTTCAGCCGCTAC 
CCCGACCACATGAAGCAGCACGACTTCTTC 

AAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAA 
GGACGACGGCAACTACAAGACCCGCGCCGA 

GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCA 
TCGACTTCAAGGAGGACGGCAACATCCTGG 

GGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTATATCACCGCC 
GACAAGCAGAAGAACGGCATCAAGGCCAAC 

TTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCA 
CTACCAGCAGAACACCCCCATCGGCGACGG 

CCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGA 
GCAAAGACCCCAACGAGAAGCGCGATCACA 

TGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGAC 
GAGCTGTACAAGC GGTGTGACACACGGCAG 

CAGTACCGGAAGCTGCTCAAATCCACGCTGGTGCTCATGCCCCTCTTTGGC 
GTCCACTACATTGTCTTCATGGCCACACC 

ATACACCGAGGTCTCAGGGACGCTCTGGCAAGTCCAGATGCACTATGAGAT 
GCTCTTCAACTCCTTCCAGGGA I I I I I IG 
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TCGCAATCATATACTGTTTCTGCAATGGCGAGGTACAAGCTGAGATCAAGAA 
ATCTTGGAGCCGCTGGACACTGGCACTG 

GACTTCAAGCGAAAGGCACGCAGCGGGAGCAGCAGCTATAGCTACGGCATG 
GTGAGCAAGGGCGAGGAGCTGTTCACCGG 

GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGT 
TCAGCGTGTCCGGCGAGGGCGAGGGCGATG 

CCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTG 
CCCGTGCCCTGGCCCACCCTCGTGACCACC 

TTCGGCTACGGCCTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCA 
GCACGACTTCTTCAAGTCCGCCATGCCCGA 

AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACA 
AGACCCGCGCCGAGGTGAAGTTCGAGGGCG 

ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGAC 
GGCAACATCCTGGGGCACAAGCTGGAGTAC 

AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGG 
CATC AAGGTG AACTTC AAG ATCCGCC AC AA 

CATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCC 
CCATCGGCGACGGCCCCGTGCTGCTGCCCG 

ACAACCACTACCTGAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAG 
AAGCGCGATCACATGGTCCTGCTGGAGTTC 

GTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 
SEQ ID NO: 14: PTH receptor-cam8 "chameleon" amino acid sequence: 

MGTARIAPGLALLLCCPVLSSAYALVDADDVMTKEEQIFLLHRAQAQCEKRLKEV 
LQRPASIMESDKGWTSASTSGKPRK 

DKASGKLYPESEEDKEAPTGSRYRGRPCLPEWDHILCWPLGAPGEWAVPCPD 
YIYDFNHKGHAYRRCDRNGSWELVPGH 

NRTWANYSECVKFLTNETREREVFDRLGMIYTVGYSVSLASLTVAVLILAYFRRL 
HCTRNYIHMHLFLSFMLRAVSIFVK 

DAVLYSGATLDEAERLTEEELRAIAQAPPPPATAAAGYAGCRVAVTFFLYFLATN 
YYWILVEGLYLHSLIFMAFFSEKKY 
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LWGFTVFGWGLPAVFVAVWVSVRATLANTGCWDLSSGNKKWIIQVPILASIVLN 
FILFINIVRVLATKLRETNAGMVSKG 

EELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWP 
TLVTTLTWGVQCFSRYPDHMKQHDFF 

KSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILG 
HKLEYNYISHNVYITADKQKNGIKAN 

FKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDH 
MVLLEFVTAAGITLGMDELYK RCDTRQ 

QYRKLLKSTLVLMPLFGVHYIVFMATPYTEVSGTLWQVQMHYEMLFNSFQGFFV 
AIIYCFCNGEVQAEIKKSWSRWTLAL 

DFKRKARSGSSSYSYG MVSKGEELFTGWPIL.VELPGPVNGHKFSVSGEGEGP 
ATYG KLTLKFICTTG KLPVPWPTLVTT 

FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKPDGNYKTRAEVKFE 
GDTLVNRIELKGIPFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNiEDGSVQLADHYQQNTPIGDGPVLLPP 

NHYLSYQSALSKPPNEKRPHMVLLEF 

VTAAGITLGMPELYK 

SEQ IP NO: 15: A2A-CFP14/10-YFP-C33 cPNA sequence; A2A "chameleon" 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTG 
CTGTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTC 
AACAGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGC 
GGCCGACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCA 
GCACCGGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCG 
TCCTGGTCC TCACGCAGAG CTCCATCTTC AGTCTCCTGG CCATCGCCAT 
TGACCGCTAC ATTGCCATCCGCATCCCGCT CCGGTACAAT GGCTTGGTGA 
CCGGCACGAG GGCTAAGGGC ATCATTGCCATCTGCTGGGTGCTGTCGTTT 
GCCATCGGCC TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAA 
GGAGGGCAAGAACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTC 
TCTTTGAGGA TGTGGTCCCC ATGAACTACATGGTGTACTTCAACTTCTTT 
GCCTGTGTGCTGGTGCCCCT GCTGCTCATG CTGGGTGTCT ATTTGCGGAT 
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cn 0 ^ npp - n ^^ p ^ A ^ ftr&r - rTnAAnrAr - ATnnAnGTGAGCMGGGCG 

AGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGT CGAGCTGGACGGCGAC 

GTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGG CGAGGGCGATGCCA 

CCTACGGCAAGCTGACCCTGAAGTTCATCTGCAC CACCGGCAAGCTGCCC 

GTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTG CAGTGCTT 

CAGCCGCTACCCCGACCACATGAAGCAGCACGAC TTCTTCAAGTCCGCCA 

TGCCCGAAGGCTACGTCCAGGAGCGCACCATCTT CTTCAAGGACGACGGC 

AACTACAAGACCCGCGCCGAGGTGAAGTTCGAGG GCGACACCCTGGTGAA 

CCGCATCGAGCTGAAGGGCATCGACTTCAAGGAG GACGGCAACATCCTGG 

GGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTATA TCACCGCC 

GACAAGCAGAAGAACGGCATCAAGGCCAACTTC AAGATCCGCCACAACAT 

CGAGGACGGCAGCGTGCAGCTCGCCGACCACTA CCAGCAGAACACCCCC 

ATCGGCGACGGCCCCGTGCTGCTGCCCGACAACC ACTACCTGAGCACCCA 

GTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACA TGGTCCTGC 

TGGAGTTCGTGACCGCCGCCGGGATCACTCTCGG CATGGACGAGCTGTAC 

AAG CTTCAGA AGGAGGTCCA TGCTGCCAAG TCACTGGCCA 

TCATTGTGGG GCTCTTTGCC CTCTGCTGGC TGCCCCTACA CATCATCAAC 

TGCTTCACTT TCTTCTGCCC CGACTGCAGC CACGCCCCTC TCTGGCTCAT 

GTACCTGGCC ATCGTCCTCT CCCACACCAA TTCGGTTGTG AATCCCTTCA 

TCTACGCCTA 

CCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGT 

CCTGAGGCAGCAAGAACCTTTCAAGGCAG CTGGCACCAGTGCCCGGGTC 

GTGAGCAAGGGCGAGGAGCTGTTCACCGGGGT GGTGCCCATCCTGGT 

CGAGCTGGACGGCGACGTAAACGGCCACAAGTTCA GCGTGTCCGGCGAG 

GGCGAGGGCGATGCCACCTACGGCAAGCTGAC CCTGAAGTTCATCTGCAC 

CACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCA CCTTCGGCT 

ACGGCCTGCAG 

TGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTT CTTCAAGTCC 
GCCATGCCCGAAGGCTACGTCCAGGAGCG 

CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGC GCCGAGGTGA 
AGTTCGAGGGCGACACCCTGGTGAACCGCA 
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TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACA TCCTGGGGCAC 
AAGCTGGAGTACAACTACAACAGCCACAAC 

GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAA 
GATCCGCCACAACATCGAGGACGGCAGCGT 

GCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCC 
GTGCTGCTGCCCGACAACCACTACCTGAGCT 

ACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTC 

CTGCTGGAGTTCGTGACCGCCGCCGGGATC 

ACTCTCGGCATGGACGAGCTGTACAAG 

SEQ ID NO: 16: A2A-CFP14/10-YFP-C33 amino acid sequence; "A2A 
chameleon" 

MPIMGSSWIWELAIAVLAILGNVLVCWAWLNSNLQNVTNYFVSLAAADIAVGV 

LAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

\/PMMVM\/VFNFFArA/l \/Pl I I Ml HVYI RIFLAARRQLKQME VSKGEELFTGWPI 

LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTWG 

VQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL 

VNRIELKGIDFKEDGNILGHKLEYNYISHNVYITADKQKNGiKANFKIRHNIEDGS 

VQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAG 

ITLGMDELYK LQKEVHAAKSLAIIVGLFALCWLPLHHNCFTFFCPDCSHAPLWLM 

YLAIVLSHTNSWNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVMVS 

KGEELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVP 

WPTLVTTFGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKT 

RAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIK 

VNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEKRP 

H M VLLE FVTAAG ITLG M D E 

Further chameleon-constructs, in particular, PTH-constructs are defined by 
appended SEQ ID NOS: 29 to 37. A control-construct as employed in accordance 
with this invention is appended in SEQ ID NO: 38. 
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Loops and C-termini to be modified for chameleon-constructs of the invention are 
exemplified in the following SEQ ID NOS: 17 to 28. 

SEQ ID NO: 17: Mouse alpha2a adrenergic receptor third intracellular loop 
cDNA sequence: 

GTGCGTATTTACCAGATCGCCAAGCGTCGCACCCGCGTGCCTCCCAGCCGC 
CGGGGTCCGGACGCCTGTTCCGCGCCGCC 

GGGGGGCGCCGATCGCAGGCCCAACGGGCTGGGCCCGGAGCGCGGCGCG 
GGTCCCACGGGCGCTGAGGCGGAGCCGCTGC 

CCACCCAGCTTAACGGTGCCCCGGGGGAGCCCGCGCCCGCCGGGCCCCG 
CGATGGGGATGCGCTGGACCTAGAGGAGAGT 

TCGTCGTCCGAGCACGCCGAGCGGCCCCCGGGGCCCCGCAGACCCGACCG 
CGGCCCCCGAGCCAAGGGCAAGACCCGGGC 

GAGTCAGGTGAAGCCGGGGGACAGTCTGCCGCGGCGCGGGCCCGGGGCC 
GCGGGGCCGGGGGCTTCGGGGTCCGGGCACG 

GAGAGGAGCGCGGCGGGGGCGCCAAAGCGTCGCGCTGGCGCGGGAGGCA 
AAACCGGGAGAAACGCTTCACGTTCGTG 

SEQ ID NO: 18: Mouse alpha2a adrenergic receptor third intracellular loop 
amino acid sequence: 

VRIYQIAKRRTRVPPSRRGPDACSAPPGGADRRPNGLGPERGAGPTGAEAEPL 
PTQLNGAPGEPAPAGPRDGDALDLEES 

SSSEHAERPPGPRRPDRGPRAKGKTRASQVKPGDSLPRRGPGAAGPGASGSG 
HGEERGGGAKASRWRGRQNREKRFTFV 

SEQ ID NO: 19: Mouse alpha2a adrenergic receptor carboxy terminus tail 
cDNA sequence: 
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CACGACTTCCGACGCGCCTTCAAGAAGATCCTCTGCCGTGGGGACAGAAAA 
CGCATCGTGTGA 

SEQ ID NO: 20: Mouse alpha2a adrenergic receptor carboxy terminus tail 
amino acid sequence: 

HDFRRAFKKILCRGDRKRIV 

SEQ ID NO. 21: human A2A adenosine receptor 3 rd .loop sequence cDNA: 

GGATCTTCCTGGCGGCGCGACGACAGCTGAAGCAGATGGAGAGCCAGCCT 

CTGCCGGGGGAGCGGGCACGGTCCACACTGCAGAAGGAGGTCCATGCTGC 

CAAGTCA 

SEQ ID NO: 22: human A2A adenosine receptor 3 rd .loop amino acid 
sequence : 

RIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKS 

SEQ ID NO: 23: human A2A adenosine receptor c-terminus cDNA sequence: 

CGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTC 

CTGAGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTG 

GCAGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGCCAC 

CCGCCAGGAGTGTGGGCCAACGGCAGTGCTCCCCACCCTGAGCGGAGGCC 

CAATGGCTATGCCCTGGGGCTGGTGAGTGGAGGGAGTGCCCAAGAGTCCCA 

GGGGAACACGGGCCTCCCAGACGTGGAGCTCCTTAGCCATGAGCTCAAGG 

GAGTGTGCCCAGAGCCCCCTGGCCTAGATGACCCCCTGGCCCAGGATGGA 

GCAGGAGTGTCCTGA 

SEQ ID NO: 24: human A2A adenosine receptor c-terminus amino acid 
sequence: 



WO 2004/057333 



PCT/EP2003/014679 



72 

RIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPG 
VWANGSAPHPERRPNGYALGLVSGGSAQESQGNTGLPDVELLSHELKG 

SEQ ID NO: 25: human PTH/PTHrP receptor third intracellular loop cDNA 
sequence: 

ACCAAGCTGCGGGAGACCAACGCCGGCCGGTGTGACACACGGCAGCAGTA 
CCGGAAG 

SEQ ID NO: 26: human PTH/PTHrP receptor third intracellular loop amino 
acid sequence: 

TKLRETNAGRCDTRQQYRK 

SEQ ID NO: 27: human PTH/PTHrP receptor carboxy terminus cDNA 
sequence: 

GAGGTACAAGCTGAGATCAAGAAATCTTGGAGCCGCTQGACACTGGCACTG 
GACTTCAAGCGAAAGGCACGCAGCGGGAG 

CAGCAGCTATAGCTACGGCCCCATGGTGTCCCACACAAGTGTGACCAATGTC 
GGCCCCCGTGTGGGACTCGGCCTGCCCC 

TCAGCCCCCGCCTACTGCCCACTGCCACCACCAACGGCCACCCTCAGCTGC 
CTGGCCATGCCAAGCCAGGGACCCCAGCC 

CTGGAGACCCTCGAGACCACACCACCTGCCATGGCTGCTCCCAAGGACGAT 
GGGTTCCTCAACGGCTCCTGCTCAGGCCT 

GGACGAGGAGGCCTCTGGGCCTGAGCGGCCACCTGCCCTGCTACAGGAAG 
AGTGGGAGACAGTCATGTGATGA 

SEQ ID NO: 28: human PTH/PTHrP receptor carboxy terminus amino acid 
sequence: 
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EVQAEIKKSWSRWTLALDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLGLP 
LSPRLLPTATTNGHPQLPGHAKPGTPA 

LETLETTPPAMAAPKDDGFLNGSCSGLDEEASGPERPPALLQEEWETVM 

As mentioned above, further exemplifying PTH/PTHrP receptor chameleons have 
been constructed. These constructs, in particular relate to amino acid sequence 
junction between PTH/PTHrP receptor's carboxy terminal tail and YFP for various 
PTH receptor-cam constructs. 

The best FRET efficieny are in the following order: PTH R-cam8>PTH R- 
cam9>PTHR-cam7>PTHR-cam2>PTHR-cam5>PTHR-cam 1 >PTHR-cam4>PTHR- 
cam3=PTHR-cam10. PTH mediated a FRET decrease in these constructions. 

PTHR-cam8 is the construct described above in SEQ ID NOS: 13 and 14. 

Further constructs are defined below. These constructs correspond to PTHR- 
cam8, yet, they comprise a modified C-terminus. 

SEQ ID NO: 29: PTHR-cam7 amino acid sequence: 

FN/nAFittKSWSRWTl ALDFKRKARS MVSKGEELFTGWPILVEL PGDVNGHKFS 
VSGEGEGPATYGKLTLKFiCTTGKLPVPWPTLVTT 

FG YG LQC F ARYP P H M KQH D FF KS AM PEG YVQERTI FFKPD GN YKTRAEVKF E 
GPTLVNRlELKGiPFKEPGNILGHKLEY 

NYNSHNVYIMAPKQKNGiKVNFKIRHNIEPGSVQLAPHYQQN TPiGPGPVLLPP 

NH YLS YQS ALS KP PN EKRPH M VLLEF 
VTAAGiTLGMPELYK 

SEQ ID NO: 30: PTHR-cam9 amino acid sequence: 

cwp a Fiu^Q\A/gR\Am Al nFKRK^RSttfiSftYSMVSKGEELFTGWPiLVELPGPV 
NGHKFSVSGEGEGPATYGKLTLkFiCTTGKLPVPWPTLVTT 
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FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 31: PTHR-cam8 amino acid sequence: 

EVQAEIKKSWSRWTLALDFKRKARSGSSSYSYG MVSKGEELFTGWPILVELPG 
DVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTT 
FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 32: PTHR-cam2 amino acid sequence: 

FVOAFIKKRWRRWTLALDFKRKARSGSSSYSYGPM VMVSKGEELFTGWPILVE 
LDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTT 
FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKODGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 33: PTHR-cam5 amino acid sequence: 

EVOAEIKKSWSRWTLALDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLMVS 
KGEELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVP 
WPTLVTT 
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FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTP IGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 34: PTHR-cam1 amino acid sequence: 

EVQAEIKKSWSRWTLALDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLGLP 
LSPRLLPTATTNGHPQLPGHAKPGTPA 

LETLET MVSKGEELFTGWPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFi 
CTTG KLPVPWPTLVTT 

FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNY KTRAEVKFE 
GDTLVNRiELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNT PIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 35: PTHR-cam4 amino acid sequence: 

EVQAEIKKSWSRWTLALDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLGLP 
LSPRLLPTATTNGHPQLPGHAKPGTPA 

l fti FTTPPAMAAPKDDGF LMVSKGEELFTGWPILVELDGDV NGHKFSVSGEG 
EGDATYGKLTLKFICTTGKLPVPWPTLVTT 

FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKT RAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQN TPIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

SEQ ID NO: 36: PTHR-cam3 amino acid sequence: 
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EVQAEIKKSWSRWTLALDFKRKARSGSSSYSYGPMVSHTSVTNVGPRVGLGLP 
LSPRLLPTATTNGHPQLPGHAKPGTPA 

I FTI FTTPPAMAAPKnnfiFI NGSr,RfiLDEEASGPE MVSKGEELFTGVVPILVEL 
DGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTT 
FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 

N H YLS YQS ALS KD P N E KRDH M VLLEF 

VTAAG1TLGMDELYK 

SEQ ID NO: 37: PTHR-cam10 amino acid sequence : 

E VQAEI KKSWSRWTLALD FKRKARSGSSS YSYG P M VSHTS VTNVGP RVGLGLP 
LSPRLLPTATTNGHPQLPGHAKPGTPA 

LETLETTPPAMAAPKDDGFLNGSCSGLDEEASGPERPPALLQEEWEWMMVSK 
GEELFTGWPlLVELDGDVNGHKFSVSGEGEGDATYGKLTLKFiCTTGKLPVPW 
PTLVTT 

FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTiFFKDDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVYiMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 

NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAGITLGMDELYK 

The following control construct Is exemplified: Amino acid sequence 
junction between PTH/PTHrP receptor's carboxy terminal tail and YFP and 
CFP in PTHR-FRET control . 

This construction gave a strong FRET efficiency. However, PTH, as ligand, does 
not mediated a change in FRET in this construction. 

SEQ ID NO: 38: PTHR- PTHR-FRET contro ' amino acid sequence: 
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EVQAEIKKSWSRWTLALDFKRKA RMVSKGEELFTGWPILVELDGDVNGHKFSV 
SGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTT 

FGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKPDGNYKTRAEVKFE 
GDTLVNRIELKGIDFKEDGNILGHKLEY 

NYNSHNVY1MADKQKNG1KVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPD 
NHYLSYQSALSKDPNEKRDHMVLLEF 

VTAAG1TLGMDELYKS GSSSYSYGPMVSHTS MVSKG 

EELFTGWP1LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWP 
TLVTTLTWGVQCFSRYPDHMKQHDFF 

KSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILG 
H KLEYN Yl S H N VYIT AD KQKN Gl KAN 

FKIRHNIEDGSVQLAPHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDH 
MVLLEFVTAAGITLGMDELYK 

Further constructs comprise 

SEQ ID No 39: A2A-FIAsHPG-CFP-C49 cDNA sequence 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTGCT 

GTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTCAAC 

AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCC 

GACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACC 

GGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTG 

GTCCTCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCT 

ACATTGCCATCCGCATCCCGCTCCGGTACAATGGCTTGGTGACCGGGACGA 

GGGCTAAGGGCATCATTGCCATCTGCTGGGTGCTGTCGTTTGCCATCGGCC 

TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAAGGAGGGCAAGA 

ACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTCTCTTTGAGGATG 

TGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTGCCTGTGTGCTGGT 

GCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCG 

ACGACAGCTGAAGCAGATGGAGAGCCAG TGTTGTCCGGGGTGTTGTG CACG 

GTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGT 
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GGGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACT 

TTCTTCTGCCCCGACTGCAGCCACGCCCCTCTCTGGCTCATGTACCTGGCCA 

TCGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGT 

ATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTCCTG 

AGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTGGCA 

GCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGTGTGAGC 

AAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGA 

CGGCGACGTAAACGGCCACAGGTTCAGCGTGTCCGGCGAGGGCGAGGGC 

GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAA 

GCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTGC 

AGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGT 

CCGCCATGCCCGAAGGCTACGTCCAGGAGCGTACCATCTTCTTCAAGGAC 

GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC 

TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAAC 

ATCCTGGGGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTATATC 

ACCGCCGACAAGCAGAAGAACGGCATCAAGGCCCACTTCAAGATCCGCCA 

CAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA 

CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGC 

ACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT 

CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGC 

TGTACAAGTAA 

SEQ ID No 40: A2A-FIAsHPG-CFP-C49 amino acid sequence 

MPIMGSSWITVELAIAVLAILGNVLVCWAVWLNSNLQNVTNYFWSLAAADIAVG 

VLA1PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

VPMNYMWFNFFACVLVPLLLMLGWLRIFLAARRQLKQMESQCCPGCCARSTL 

QKEVHAAKSLAIIVGLFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSV 

VNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLR 

LNG VSKGEELFTGWPILVELDGDVNGHRFSVSGEGEGDATYGKLTLKFICTTG 

KLPVPWPTLVTTLTWGVQCFSRYPDHMKQHPFFKSAMPEGYVQERTIFFKDD 
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GNYKTRAEVKFEGDTLVNR1ELKGIDFKEDGNILGHKLEYNYISHNVYITADKQK 
NGIKAHFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPN 
EKRDHMVLLEFVTAAGITLGMDELYK 

SEQ ID No 41: A2A-FIAsHPG-CFP-C33 cDNA sequence 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTGCT 

GTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTCAAC 

AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCC 

GACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACC 

GGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTG 

GTCCTCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCT 

ACATTGCCATCCGCATCCCGCTCCGGTACAATGGCTTGGTGACCGGGACGA 

GGGCTAAGGGCATCATTGCCATCTGCTGGGTGCTGTCGTTTGCCATCGGCC 

TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAAGGAGGGCAAGA 

ACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTCTCTTTGAGGATG 

TGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTGCCTGTGTGCTGGT 

GCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCG 

ACGACAGCTGAAGCAGATGGAGAGCCAG TGTTGTCCGGGGTGTTGTG CACG 

GTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGT 

GGGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCACT 

TTCTTCTGCCCCGACTGCAGCCACGCCCCTCTCTGGCTCATGTACCTGGCCA 

TCGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACCGT 

ATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTCCTG 

AGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTC GTGAGC 

AAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGA 

CGGCGACGTAAACGGCCACAGGTTCAGCGTGTCCGGCGAGGGCGAGGGC 

GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAA 

GCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTGC 

AGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGT 

CCGCCATGCCCGAAGGCTACGTCCAGGAGCGTACCATCTTCTTCAAGGAC 

GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC 
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TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAAC 

ATCCTGGGGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTATATC 

ACCGCCGACAAGCAGAAGAACGGCATCAAGGCCCACTTCAAGATCCGCCA 

CAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA 

CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGC 

ACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT 

CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGC 

TGTACAAGTAA 

SEQ ID No 42: A2A-FIAsHPG-CFP-C33 amino acid sequence 

MPIMGSSWIWEU\IAVl^lLGNVLVCWAWLNSNLQN\n-NYFWSIJW\DIAVG 

VLAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

VPMNYMVYFNFFACVI VP1 ' ' Ml GVYI RIFLAARRQLKQMES QCCPGCCA RSTL 

QKEVHAAKSLAIIVGLFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSV 

w H p F ivAVPip t =FPryrFPK'HPg|- l \/i ROOFPFKAAGTSARWSKGEELFTGWPIL 

VELDGDVNGHRFSVSGEGEGPATYGKLTLKFICTTGKLPVPWPTLVTTLTWGV 

QCFSRYPPHMKQHPFFKSAMPEGYVQERT1FFKPDGNYKTRA EVKFEGDTLV 

NRIELKGIPFKEPGN1LGHKLEYNYISHNVYITAPKQKNGIKAHFKI RHNIEPGSV 

QLAPHYQQNTP1GPGPVLLPPNHYLSTQSALSKPPNEKRPHMVLLEFVTAAGI 

TLGMPELYK 

SEQ ID No 43: A2A- CFP-ModelPG-C49 cDNA sequence 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTGCT 

GTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTCAAC 

AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCC 

GACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACC 

GGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTG 

GTCCTCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCT 

ACATTGCCATCCGCATCCCGCTCCGGTACAATGGCTTGGTGACCGGCACGA 
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GGGCTAAGGGCATCATTGCCATCTGCTGGGTGCTGTCGTTTGCCATCGGCC 

TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAAGGAGGGCAAGA 

ACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTCTCTTTGAGGATG 

TGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTGCCTGTGTGCTGGT 

GCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCG 

ACGACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCAC 

GGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTG 

TGGGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCAC 

TTTCTTCTGCCCCGACTGCAGCCACGCCCCTCTCTGGCTCATGTACCTGGCC 

ATCGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACC 

GTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTCCT 

GAGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTGGC 

AGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGC GTGAG 

CAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGG 

ACGGCGACGTAAACGGCCACAGGTTCAGCGTGTCCGGCGAGGGCGAGGG 

CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCA 

AGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTG 

CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAG 

TCCGCCATGCCCGAAGGCTACGTCCAGGAGCGTACCATCTTCTTCAAGGAC 

GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC 

TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAAC 

ATCCTGGGGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTATATC 

ACCGCCGACAAGCAGAAGAACGGCATCAAGGCCCACTTCAAGATCCGCCA 

CAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA 

CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGC 

ACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT 

CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGC 

TGTACAAG GCTGAGGCTGCAGCGCGCGAAGC ATGCTGCCCAGGTTGTTGC 

GCTCGCGCATGA 

SEQ ID No 44: A2A- CFP-ModelPG-C49 amino acid sequence 
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MPIMGSSWITVELAIAVLAILGNVLVCWAVWLNSNLQNVTNYFWSLAAADIAVG 

VLAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

VPMNYMVYFNFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTL 

QKEVHAAKSLAIIVGLFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSV 

VNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLR 

LNG VSKGEELFTGWPILVELPGDVNGHRFSVSGEGEGDATYGKLTLKFICTTG 

KLPVPWPTLVTTLTWGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDD 

GNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNY1SHNVYITADKQK 

NGIKAHFKIRHN1EDGSVQLADHYQQNTPIGPGPVLLPDNHYLSTQSALSKDPN 

EKRDHMVLLEFVTAAG1TLGMDELYKA EAAARE ACCPGCCA RA 

SEQ ID No 45: A2A- CFP-C49 cDNA sequence 

ATGCCCATCATGGGCTCCTCGGTGTACATCACGGTGGAGCTGGCCATTGCT 

GTGCTGGCCATCCTGGGCAATGTGCTGGTGTGCTGGGCCGTGTGGCTCAAC 

AGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGTCACTGGCGGCGGCC 

GACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCAGCACC 

GGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTG 

GTCCTCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCT 

ACATTGCCATCCGCATCCCGCTCCGGTACAATGGCTTGGTGACCGGCACGA 

GGGCTAAGGGCATCATTGCCATCTGCTGGGTGCTGTCGTTTGCCATCGGCC 

TGACTCCCATGCTAGGTTGGAACAACTGCGGTCAGCCAAAGGAGGGCAAGA 

ACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTCTCTTTGAGGATG 

TGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTGCCTGTGTGCTGGT 

GCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCG 

ACGACAGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCAC 

GGTCCACACTGCAGAAGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTG 

TGGGGCTCTTTGCCCTCTGCTGGCTGCCCCTACACATCATCAACTGCTTCAC 

TTTCTTCTGCCCCGACTGCAGCCACGCCCCTCTCTGGCTCATGTACCTGGCC 

ATCGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCATCTACGCCTACC 

GTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACGTCCT 
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GAGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTGGC 

AGCTCATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGTGTGAG 

CAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTG GTCGAGCTGG 

ACGGCGACGTAAACGGCCACAGGTTCAGCGTGTCCGGCGA GGGCGAGGG 

CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT GCACCACCGGCA 

AGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTGGGGCGTG 

CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACtTCT TCAAG 

TCCGCCATGCCCGAAGGCTACGTCCAGGAGCGTACCATCTTCTTCAAGGAC 

GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC 

TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGA GGACGGCAAC 

ATCCTGGGGCACAAGCTGGAGTACAACTACATCAGCCAC AACGTCTATATC 

ACCGCCGACAAGCAGAAGAACGGCATCAAGGCCCACTT CAAGATCCGCCA 

CAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTA CCAGCAGAACA 

CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCA CTACCTGAGC 

ACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCG ATCACATGGT 

CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGC ATGGACGAGC 

TGTACAAGTAA 

SEQ ID No 46: A2A- CFP-C49 amino acid sequence 

MPIMGSSWITVELAIAVLAILGNVLVCWAVWLNSNLQNVTNYFWSLAAADIAVG 

VLAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVT 

GTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDV 

VPMNYMVYFNFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTL 

QKEVHAAKSLAIIVGLFALCWLPLHIINCFTFFCPDCSHAPLWLMYLAIVLSHTNSV 

VNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLR 

LNG VSKGEELFTGWPILVELDGDVNGHRFSVSGEGEGDATYGKLTLKFICTTG 

KLPVPWPTLVTTLTWGVQCFSRYPDHMKQHDFFKSAMPEG YVQERTIFFKDP 

GNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNY1SH NVYITADKQK 

NGIKAHFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLST QSALSKDPN 

EKRDHMVLLEFVTAAGITLGMDELYK 
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Example II: Generation of receptor constructs with agonist-sensitive FRET 

A series of receptor constructs were generated that carried CFP and/or YFP in 
various positions of the third intracellular loop and/or of the carboxy-terminus of 
the PTHR and the oW^R, respectively. The two constructs showing the best cell 
surface expression, pharmacological properties and agonist sensitivity were 
further used in this study and are referred to as receptor chameleons PTHR-cam 
and cc2AAR-cam (Fig. 1A). 

Emission fluorescence spectra were recorded from HEK293 cells stably 
expressing "PTHR-cam8" and various control constructs. The sequences 
representing "PTHR-cam8" are represented in appended SEQ ID NOS: 13 and 
14. Excitation of a PTHR carrying only a CFP-moiety in its 3 rd intracellular loop 
(PTHR-CFP^oop) with light at 436 nm resulted in an emission at 480 nm 
(corresponding to the CFP emission, Fig. 1 B). The additional presence of YFP in 
the carboxy terminus (PTHR-cam) lead to a reduced emission at 480 nm plus a 
strong emission at the characteristic wavelength of YFP (535 nm, Fig. 1B). 
Photobleaching of the acceptor confirmed that the latter emission was primarily 
due to FRET (see Fig. 1C). The presence of YFP in the C-tenminus alone (PTHR- 
YFPc-term) did not result in significant emission at 535 nm when excited at 436 nm 
(Fig. 1 B). Receptor constructs containing only YFP showed no specific emission 
peak at 535 nm when excited at 436 nm (Fig. 1 B). It is of note that further PTHR- 
cam constructs have been prepared which are shown in related SEQ ID NOS: 29 
to 37. A control construct is shown in SEQ ID NO: 38. 

Signals recorded from single HEK293 cells expressing PTHR-cam8 were then 
analysed at emissions of 480 nrh (CFP) and 535 nm (YFP) upon excitation at 436 
nm (CFP excitation). The microscopic illumination allowed photobleaching 
experiments in order to verify that the emission at 535 nm was indeed due to 
FRET. After bleaching of the acceptor in the PTHR-cam8 construct with intense 
light at 480 nm, the emission at 480 nm increased by 50±3% together with a more 



WO 2004/057333 



PCT/EP2003/014679 



85 

than 5-fold reduction of the 535 nm emission (Fig. 1C). Similar spectral and 
photobleaching data were obtained with the "a2AAR-cam n stably expressed in 
HEK293 cells. The corresponding constructs for "a2AAR-cam" are depicted in SEQ 
ID NOS: 11 and 12. 

The effects of the agonist PTH on the FRET signal of PTHR-cam were 
investigated, measured as the background-corrected emission intensity ratio 
F* 535 /F*48o. After addition of 1 uM PTH, the ratio F* 535 /F*480 rapidly decreased (Fig. 
1D). After a short delay («600 ms) the decrease followed a mono-exponential 
time-course with a time-constant x=3.00±0.25 s (n=9). The symmetrical increase 
in CFP emission and decrease in YFP emission indicate that the change was due 
to a decrease in FRET. Control experiments with co-expression of PTHR-CFP3-100P 
and PTHR-YFPc-term showed no FRET in the absence or in the presence of PTH 
(1 p,M) and thus made it unlikely that the signals resulted from /nfemiolecular 
FRET in receptor dinners. It should be noted, however, that the /nframolecular 
nature of this signal does not exclude the presence of receptor dimers. 

Similarly, a2AAR-cam showed intramolecular FRET, and again the specific 
agonist, i.e. noradrenaline, caused a decline of the FRET signal (see Figs. 3, 4, 
6). Virtually identical results were obtained with the two receptors expressed in 
other cell lines (CHO, PC12; data not shown). The agonist-induced decreases in 
FRET in the two types of receptors suggest that the agonist-induced 
conformational switch is similar in class 1 and class 2 GPCRs. Because of the 
location of the CFP and YFP in the receptors (Fig. 1 A) they are compatible with a 
movement of the 3 rd intracellular loop away from the C-terminus as predicted by 
computer simulations of the oci B -adrenergic receptor (Greasley, J. Biol. Chem. 276 
(2001), 46485-46494). 

Example III: Pharmacological characterization of the receptor-chameleon 

The receptor-chameleon constructs stably expressed in HEK293 cells retained the 
typical ligand binding which was of somewhat lower affinity than for the 
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corresponding wild-type receptors (Fig: 2): the PTH affinity was Ki=15.5±0.9 nM 
for PTHR-cam and Ki=2.4±0.4 nM for PTHR; the nordrenaline affinity was 
Kj=5.0±0.8 for cWVR and Kj=16.7±1.4 |iM for a2AAR-cam. Note that the insertion 
of the GFP variants into the third loop and carboxy terminus of the receptor might 
cause a conformational destabilization of the receptor resulting in a deviation in 
the binding properties of the GPCRs-cam. Such destabilization might result in a 
faster activation switch of the receptor. However, the a2AAR-cam induced GIRK 
current activation was not faster than the wild type ofeAAR (BUnemann, (2001), loc. 
cit.). 

PTHR-cam and ofe/vAR-cam signalled efficiently to adenylyl cyclase 
(EC 50 =12.8±1.4 nM) and to the GIRK channel (EC 50 =1.08±0.01 ^M), respectively 
(Fig. 2A-B). A difference in the signal amplification between PTHR wild type- and 
PTHR-cam receptors (1 \iM PTH mediated 28 vs. 11.5-fold increase in cAMP in 
HEK-293 cells expressing PTHR or PTHR-cam, respectively) is in part due to the 
higher expression level of the wild type receptors (1.01x10 6 vs 0.34x10 6 
receptors/cells for PTHR and PTHR-cam, respectively). Finally, confocal 
microscopy showed that the majority of PTHR-cam and a2AAR-cam receptors in 
stably transfected cells were correctly present at the cell surface (Fig. 2C). These 
data indicate that both receptor constructs were properly targeted to the cell 
surface upon expression in HEK293 cells and retained essential binding 
properties as well as significant G-protein-mediated signalling of the 
corresponding wild-type receptors. Similar data were obtained upon expression in 
various cell lines (e.g. CHO or PC1 2). 

Example IV: The agonist-mediated FRET signal is coupled to receptor 
activation 

It was verified that the agonist-induced changes in FRET does indeed reflect the 
conformational change of the receptor. The following verification experiments 
were carried out. 
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First, it was shown that the FRET signal was indeed caused by the receptors 
themselves and not by interactions with other proteins such as G-proteins or B- 
arrestins. Therefore, we studied PTHR-cam under conditions that exclude 
interactions with these proteins. In isolated cell membranes prepared from 
HEK293 cells stably expressing PTHR-cam - i.e. in the absence of cytosolic 
proteins - the PTH-induced signal had the same magnitude as in intact cells (Fig. 
3A). Further stripping the cell membranes with 6 M urea - a treatment known to 
leave GPCRs intact but to denature virtually all other proteins(Sheikh, J. Biol. 
Chem. 274 (1999), 17033-17041; Lim, Biochem. J. 354 (2001), 337-344) - did 
also not affect the magnitude of the PTH-induced signal at saturating 
concentrations (Fig. 3A). And finally, inactivating Gj and G Q with pertussis toxin in 
cells expressing the a^AR-cam did not affect the noradrenaline-induced FRET 
signal, indicating that the signal was not due to a receptor/G-protein interaction. 
Taken together, these data document that the FRET signals were not caused by 
interactions of the receptors with other proteins. 

Second, it was shown that the FRET signals correspond to the activation state of 
the receptor. Accordingly, the effects of agonists and antagonists were tested. A 
truncated variant of PTH, PTH7-34, which is a low affinity antagonist, failed to 
induce a change in FRET (Fig. 3A). Similarly, noradrenaline (10 uM) induced a 
rapid decrease of the FRET' signal in the a^AR-cam (Fig. 3B), while saturating 
concentrations of the high affinity ofe-adrenergic receptor antagonist phentolamine 
(10 uM) did not alter the FRET signal when given alone. However, phentolamine 
rapidly reverted the noradrenaline-induced signal (Fig. 3B). This is compatible with 
its nature as a competitive antagonist. Thus, the rigorous agonist dependence on a 
the change of the FRET signal mirrors the active state of the receptor. 

Third, binding of G-proteins to receptors is known to enhance formation of the 
active, agonist-bound state. Because of the reduced ability of the receptor 
chameleons to couple to G-proteihs, such assays required the addition of 
exogenous G-proteins. After addition of purified G 0 to membranes containing 
cW^R-cam, the agonist [ 3 H]UK14304 bound with high affinity to the receptors 
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(Kd=3.4±0.8 nM; Supplementary Fig. 1). Addition of the stable GTP-analog GTP7S 
reduced this affinity (Kd=9.6±1.1 nM) indicative of a disruption of the high-affinity 
receptor/G-protein complex. GTP7S reduced the binding of 5 nM [ 3 H]UK14304 by 
more then 50% (Fig. 3C right panel). Similarly, GTP7S reduced the FRET signals 
caused by a 5 nM UK14304 in the same membrane preparation (i.e. in the 
presence of G 0 ) by more than 50% (Fig. 3C left panel). GTP7S did not affect the 
signal of saturating concentrations of UK14304, which is in agreement with the 
lack of effect of urea-treatment on the maximal PTH-induced signal obtained in 
membranes (Fig. 3A). Taken together, these data suggest that the FRET-signal 
originates in the active conformation of the receptor itself, and that this active 
conformation binds to and is stabilized by G-proteins. 

Example V: FRET changes mediated by a partial agonist 

The FRET assay also properly reflected partial agonism (Fig. 4): Compared to the 
full agonist noradrenaline, the high affinity partial agonist clonidine at saturating 
concentrations (10 uM) gave a three-fold smaller FRET signal (Fig. 4). 
Subsequent application of noradrenaline (10 uM) still produced the full response. 
The simultaneous addition of clonidine (10 uM) restored this response back to the 
partial response seen with clonidine alone; and again, after washout, 
noradrenaline still produced the full initial response. These data correspond 
exactly to the predicted properties of a high affinity partial agonist. However, 
compared to other assays used so far to detect partial agonism, the FRET assay 
is not dependent on transducer and effector proteins. Instead it reflects directly 
the partial agonist effects on the receptors themselves. Mechanistically, the ability 
of clonidine to partially reverse the agonist-mediated signal suggests that the 
partial agonist restrains the complete movement between the 3 rd intracellular loop 
and the C-terminus. This is compatible with the notion that the partial agonism 
process occurs at the receptor level by inducing a restrained conformational 
change within the agonist binding site (Ghahouni, J. Biol. Chem. 276 (2001), 
24433-24436). 
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Example VI: Comparing receptor activation with desensitization 

Receptor activation should precede receptor deactivation. Therefore, we 
measured the rate-limiting step in PTHR-deactivation (Vilardaga, (2002), loc. cit.; 
Castro, Endocrinology 143 (2002), 3854-3865), the association of p-arrestin with 
the receptor, again with a FRET-based approach. To this end, we co-expressed 
functional PTHR carrying CFP at its C-terminus (PTHR-CFPc-term) and p-arrestin2 
fused at its C-terminus to YFP (p-arrestin2-YFP). Measuring the appearance of 
FRET between the CFP and the YFP then monitored PTH-induced binding of IJ- 
arrestin2 to the receptor. The dynamics of this signal were compared with the 
receptor activation of PTHR-cam (Fig. 5). The initial ratio F*535/F*48o was 1.10±0.05 
for cells co-expressing PTHR-CFPc-term and p-arrestin2-YFP. After addition of 
PTH (100 nM), the ratio increased by up to 32±11 % with a t| /2 of 150±12.1 s 
(n=8), reflecting the PTH-mediated receptor/p-arrestin2 association. The same 
concentration of PTH (100 nM) had a 5-fold faster effect on PTHR-cam, with a ti/2 
of 32±1 .9 s (n=4 experiments). Furthermore, the lag time between addition of PTH 
and the beginning of the response was about three times shorter for the activation 
signal (PTHR-cam) than for p-arrestin translocation (Fig. 5, inset). Thus, the signal 
for receptor activation does indeed begin earlier and proceeds much faster than 
that for receptor deactivation. 

Example VII: Differential speed of activation between hormone and 
neurotransmitter receptors 

Time-resolved determination of the FRET signals recorded from single cells after 
activation with various concentrations of PTH and noradrenaline, respectively, 
allowed the analysis of the switch kinetics (Fig. 6). Under all conditions, the 
decrease of the ratio F*535/F # 48o followed a monoexponential time-course. 
Increasing concentrations of agonist resulted in shorter delay times as well as 
faster time-courses of the signals. At low agonist concentrations, the rate 
constants (kobs) increased in proportion to agonist concentration (Fig. 6B), 
indicating that agonist binding to the receptors was the rate-limiting step. At higher 
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concentrations of agonist, the rate constants reached a maximum, suggesting that 
a step other than the collisional probability of agonist/receptor became rate- 
limiting. This limit is not due to technical limitations of the system, which allows 
complete solution exchange in less than 10 ms. Thus, it is most likely the agonist- 
mediated conformational switch of the receptors. The time constant required for 
the receptor activation was less than 40 ms in the case of the a2AAR-cam. This is 
more than 5000 times faster than the activation time measured for chemically 
labelled, purified pVadrenergic receptors(Gether, J. Biol. Chem. 270 (1995), 
28268-28275; Jensen, J. Biol. Chem. 276 (2001), 9279-9290; Ghanouni, (2001), 
loc. cit.; Ghanouni, Proc. Natl. Acad. Sci. USA 98 (2001), 5997-6002) and 
corresponds well to the physiological requirements of neurotransmitter receptors. 
In contrast, the kinetics of the FRET-signal were 25-fold slower (x « 1s) for the 
PTH-receptor. This may be explained by the fact that PTH is a large agonist and 
that its binding appears to involve several contact points both in the extended N- 
terminus and in the core of the PTHR (Gardella, Trends Endocrinol. Metabolism 
12(2001), 210-217). 

The saturation of the kobs-values together with the concentration-dependent delay 
times (Fig. 6) are compatible with a simple two-step process of first-order agonist 
binding and subsequent receptor activation. The delay times indicate that the 
FRET signal reflects the conformational switch underlying receptor activation and 
not just receptor-agonist contact. Mechanistically, this switch appeared to be 
similar in a class 1 and a class 2 GPCR, but the activation was much faster in the 
class 1 <X2AAR-cam. The slower activation of the class 2 PTH receptor is 
compatible with the slow hormonal effects of PTH, compared with the fast 
synaptic action of noradrenaline. Millisecond switch times have so far been 
thought to be limited to ion channel receptors(Chang, Nature Neurosci. 5 (2002), 
1163-1168) or to rhodopsin (Okada, Trends Biochem. Sci. 26 (2001), 318-324). 
However, data presented herein document that also a "neurotransmitter GPCR" 
can be switched in the millisecond time scale, and it is shown that the extent said 
switching is dependent on the intrinsic efficacy of the ligand. 



WO 2004/057333 



PCT/EP2003/014679 



91 

As documented in appended figure 14, the present invention also provides for 
tools which allow for the differentiation between agonists and inverse agonists. 

Example VIII: A2A adenosine receptor activation determined by 
intramolecular FRET: 

Recombinant YFP and eCFP were fused to recombinant human A2A adenosin 
receptors, similar/ as described for alpha2A adrenergic receptors and PTH/PTHrP 
receptors using conventional cloning strategies. Specifically amino acids between 
amino acid 14 after the 5 th transmembrane helix and amino acid 10 proximal to 
the 6 th transmembrane helix were replaced by eCFP (corresponding to the third 
intracellular loop). The C-terminus of the receptor was truncated after amino acid 
33 and was fused to YFP. 

HEK293 cells were transiently transfected with A2A-CFP14/10-YFPC33 
(exemplified constructs shown in SEQ ID NOS: 15 and 16) using effectene 
(Qiagen) according to the manufacturers protocol. 12h post transection cells were 
replated on glass coverslips coated with poly-L-lysine and cultured for another 12- 
36 h. Glass coverslips were subsequently washed with HEPES buffered solution 
and placed under an inverted fluorescence microscope (Zeiss axiovert 135). 
Using excitation light of 436 nm (bandwith 10 nm) cells expressing fluorescent 
receptors were excited and emission of single cells was detected at 480 nm (480 
± 20 nm) for CFP-emission and 535 nm (535 ±15 nm) using a dual wavelength 
detection system equipped with amplified photodiodes (Till photonics). CFP and 
YFP emission in response to 10 ms illumination periods every 100 ms was 
recorded and after correcting for bleed through of the CFP emission into the 535 
nm channel a ratio of YFP/CFP emission was calculated (nFRET). 
Cells were continuously superfused with control solution (in mM : 140 NaCI; 5.4 
KCI; 2 CaCI 2 ; 1 mM MgCI 2 ; 10 mM Glucose and 10 HEPES/NaOH pH 7.3) using 
a fast solenoid valve operated superfusion system ALA-VM8 (ALA Scientific 
Instruments). Upon superfusion with agonist containing solution (100 uM 
adenosine) a rapid 1.5-2% decrease in nFRET was detected, less in amplitude, 
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but otherwise similarly as described for aIpha2A-cam and PTHR-cam8. After 
withdrawal of agonist, nFRET increased to the initial value within 5-10 s. 
These results indicate that agonist induced conformational changes of A2A 
adenosine receptors can be detected by changes in intramolecular FRET of A2A- 
CFP14/10-YFPC33 receptors, similar as described for aipha2A-cam and PTHR- 
cam8. 

Example IX: Inactivation of human G proteina (Ga) by introduction of a 
fluorophore 

Human Goes was mutated by introducing of the YFP into the loop alphaA-alphaB 
at the position 116 and was coexpressed with Gpy subunits of heterotrimeric G 
proteins. Using fluorescense microscopy no membrane-targeting of Gas was 
observed. Instead the fluorescent protein was found in perinuclear spots, most 
likely resembling lysosomes. The introduction of the YFP tag into Gas led to a 
severe defect of either protein folding or targeting of this fusion protein in intact 
cells. In addition no FRET between fluorescent Gp>CFP subunits and Ga-YFP 
was detected, indicating no proper interaction of these natural binding partners. 

Example X: Pharmacological parameters as recorded with a recombinant 
seven-transmembrane receptor comprising as labels FIAsH and CFP 

FlAsH -Labelling of the cells: 

Cells (HEK or HeLa) were transiently transfected with one of the listed adenosine 
receptor constructs. 24-48 hours after transfection, cells were labelled according 
to the following procedure (Gaietta et al., Science 296 (2002), 503-507). 

FIAsH-EDT was used in a final concentration of 1 u,M in the presence of 12.5 u,M 
EDT. The labelling was performed for 1 hour at 37 °C in 1x Hank's Balanced Salt 
Solution (HBSS, Gibco-BRL, Invitrogen) supplemented with D-Glucose (1g/l). 
Free and non-specifically bound FIAsH was removed by washing with EDT (200 
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uM.in HBSS+ glucose). FlaSH has been described by Griffin (2000), Meth. 
Enzym. 327, 565-578. 

Detailed description: 

1. Prepare a 25 mM EDT (Ethanedithiol) solution in DMSO by mixing 2.1 uJ of 
EDT with 1 ml of DMSO (prepare fresh each time). 

2. Add 1 nl of 25 mM EDT to 1 pJ of FlAsH (original stock from Invitrogen is 2 mM 
FlAsH in DMSO/H20; working concentration of FlAsH is 1 u.M final in tissue 
culture dish). 

3. Incubate at room temperature for 5'-10'. This step ensures that all FlAsH is in 
the FIAsH-EDT2 form. Some EDT molecules may "fall off' FlAsH during storage. It 
seems a slightly basic pH may further help the binding of EDT to FlAsH (see step 
6). 

While incubating EDT/FIAsH mix, prepare the cells as follows: 

4. Wash the tissue culture dish 3 times with 1x HBSS/glucose (use commercial 
"complete" HBSS, no phenol red, supplemented with 1 g/l D+ glucose). 

5. Add 2 ml of HBSS/glucose solution to the dish. 

6. Take 200 ui of HBSS/glucose from the dish and add it to the tube containing 2 
111 EDT/FIAsH as prepared in Step 2. Mix well and transfer the solution back to 
the dish. One may incubate the EDT/FIAsH/HBSS solution for 10'-15' to ensure 
complete binding of EDT, and then add it back to the dish. Gently swirl the 
labelling solution and incubate the tissue culture dish for 1 hour. 
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7. Prepare washing solution by mixing 42 u.1 of EDT with 1 ml DMSO (500 mM 
EDT in DMSO). Add 20 uJ of this mix to 50 ml HBSS/glucose solution, resulting in 
a HBSS/GIucose solution containing 200 uM EDT (washing solution). 

8. Aspirate the cells and add 3 ml of washing solution. Incubate the cells for 10 
min. Repeat this washing step three times. At the end wash the cells with 
HBSS/glucose solution without EDT. Cells are now ready to be imaged. 

Employing the above mentioned labelling protocol and the receptor constructs 
(SEQ ID NOS 39 through 46), were developed an alternative method to measure 
receptor activation in living cells. The previously used YFP was substituted by a 
fluophor called FIAsH, which specifically binds to an amino acid sequence 
consisting of a minimum of six amino acids (CCXXCC, were XX is most preferably 
PG), and exhibits comparable spectroscopic properties to YFP when bound to 
peptides. The principle of the method and the labelling specificity is proven by the 
use a set of three slightly different receptor constructs. The receptor constructs, 
namely A2A-CFP-C49 (SEQ ID NOS: 45 and 46), A2A-ModelPG-CFP-C49 (SEQ 
ID NOS 43 and 44), and A2A-FIAsHPG-CFP-C49 (SEQ ID NOS 39 and 40) all 
contain a CFP at the same position of the C-terminus. However, they differ in their 
binding capability for FIAsH and the position in which the minimal CCPGCC motif 
was attached. The construct A2A-CFP-C49 (SEQ ID NOS 45 and 46) does not 
contain the CCPGCC motif and therefore is incapable of binding FIAsH. The 
construct A2A-ModelPG-CFP-C49 (SEQ ID NOS 43 and 44) does contain the 
CCPGCC motif and therefore is capable of binding FIAsH, however, the CCPGCC 
is directly attached to the CFP sequence and therefore both Fluophores are 
invariant with respect to their relative conformation. Hence this construct can not 
monitor and agonist dependent change of the receptor conformation. The 
construct A2A-FIAsHPG-CFP-C49 (SEQ ID NOS 39 and 40) does contain the 
CCPGCC motif and therefore is capable of binding FIAsH. In this construct the 
CCPGCC motif was placed into the third intracellular loop while the CFP was still 
attached to the C-terminus of the receptor. According to the above protocol 
transiently transfected HeLa cells were labelled with FIAsH, and the cells were 
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analysed by confocal microscopy. Figure 7 shows a representative example of the 
observed results. The top row shows cells that were excited at 430 nm and 
therefore monitor the CFP molecule attached to the receptor. As can be seen in 
Fig 7 each of the three different receptor constructs is located in the plasma 
membrane of the cell. The FIAsH fluophor is specifically excited at 514 nm. 
Therefore we excited the same cells also at 514 nm. The results are shown in the 
second row in figure 7. It can be seen that all cells are slightly non-specifically 
stained and exhibit a dim yellow fluorescence. However, the construct A2A-CFP- 
C49 (SEQ ID NOS 45 and 46) does not exhibit a significant yellow fluorescent 
labelling at the plasma membrane when excited at 514 nm as can be seen for 
A2A-ModelPG-CFP-C49 (SEQ ID NOS 43 and 44) and A2A-FIAsHPG-CFP-C49 
(SEQ ID NOS 39 and 40). This figure proofs two points at the same time. First, the 
specific fluorescence observed for constructs A2A-ModelPG-CFP-C49 (SEQ ID 
NOS 43 and 44) and A2A-FlAsHPG-CFP-C49 (SEQ ID NOS 39 and 40) is not 
due to an excitation of CFP at 514 nm, otherwise the construct A2A-CFP-C49 
would also exhibit a similar fluorescent staining of the plasma membrane as the 
other two constructs do, and second the labelling with FIAsH is specific for the 
CCPGCC motif since this is the only variation between the constructs A2A- 
FIAsHPG-CFP-C49 (SEQ ID NOS 39 and 40) and A2A-CFP-C49 (SEQ ID NOS 
45 and 46). We than went on to investigate if this novel system could also be used 
to measure the agonist dependent conformational change of GPCRs. Therefore 
we transfected HEK or HeLa cells with the appropriate receptor constructs and 
measured the fluorescence signal of single cells. Representative results for each 
of the constructs are shown in figures 8 through 10. In Figure 8 A and B results for 
the construct A2A-CFP-C49 (SEQ ID NOS 45 and 46) are shown. It can be seen 
that the fluorescence ratio does not change upon superfusion with 100 uM 
adenosine. As shown in figure 9, similar results were observed for constructs 
A2A-ModelPG-CFP-C49 (SEQ ID NOS 43 and 44). As predicted, this construct 
does not show an agonist dependent change of the fluorescence when 
superfused with 100 uM adenosine. However, when comparing the difference in 
the relative fluorescence ratios, one can see that construct A2A-ModelPG-CFP- 
C49 does show a significant fluorescence at 535 nm while A2A-CFP-C49 does 
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not exhibit this fluorescence. This is a further indication that the CCPGCC motif 
does specifically bind FIAsH. In figure 10 the response of the construct A2A- 
FIAsHPG-CFP-C49 (SEQ ID NOS 39 and 40) to superfusion with 100 uM 
adenosine is shown. It can be seen that a rapid change of 10 % of the fluorescent 
ratio was observed that is comprised of a gain in fluorescence intensity for CFP 
while the intensity for FIAsH decreases (fig 10B). This is the same type of change 
that was previously observed for the system employing CFP and YFP (compare 
figure 1). Therefore we can conclude that both systems can monitor an agonist 
dependent conformational change of the receptor construct. 
To see whether the two systems were different with respect to the magnitude of 
the response, we created another construct for the pair FIAsH and CFP that was 
comparable to the previously used A2A-"chameleon" (SEQ ID NOS 15 and 16). 
This new construct A2A-FIAsHPG-CFP-C33 (SEQ ID NOS 41 and 42) is identical 
with A2A-"chameleon" with respect to the C-terminal position at which the 
fluophore was attached. However, in the third intracellular loop it contains the 
CCPGCC sequence that can bind FIAsH, rather that a GFP variant, but the 
positions of the. fluophores were similar. As shown in figure 1 1 construct A2A- 
FIAsHPG-CFP-C33 underwent a rapid change of the flourescence ratio upon 
agonist stimulation and the change was reversible after the agonist stimulation 
was stopped. The ration change was about 10% of the total signal and therefore 
was 4 times greater than the 2.5 % ratio change observed for the A2A- 
"chameleon" (SEQ ID NOS 15 and 16). 

To investigate the pharmacological parameters of the receptor constructs, we 
determined radioligand binding properties and adenylylcyclase activity as a 
measure of receptor signalling properties. The results are shown in figure 12. It 
can be seen that, with respect to radioligand binding, all tested adenosine 
receptor constructs were similar. However, as shown in figure 12 the adenylyl 
cyclase activity for the A2A-"chameleon" (SEQ ID NOS 15 and 16) was greatly 
shifted to the right (impaired G-protein coupling) and away from the response 
when compared to the normal A2A wild-type receptor (SEQ ID NOS 5 and 6). This 
is different for the novel constructs using FIAsH instead of GFP-variant. The 
adenylyl cyclase response for these constructs is very similar to (A2A-FIAsHPG- 
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CFP-C33; SEQ ID NOS 41 and 42) or indistinguishable (A2A-FIAsHPG-CFP-C49; 
SEQ ID NOS 39 and 40) from the A2A wild-type receptor (SEQ ID NOS 5 and 6). 
If intact downstream signalling is important the use of the novel FIAsH/CFP 
system is preferrable over the YFP/CFP system. 

Furthermore using the construct (A2A-FIAsHPG-CFP-C49; SEQ ID NOS 39 and 
40) we could show that this system can be employed for the screening of novel 
ligands at correspondingly modified receptors. Therefore we measured the 
relative change of the fluorescence signal in relation to ligand concentration. The 
relative change was plotted against the ligand concentration (figure 13) and a 
clear concentration dependency of the signal change could be visualized. 



